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OBJECTS AND RULES

OF

THE ASSOCIATION.

OBJECTS.
The Association contemplates no interference with the groimd occupied by
other institutions. Its objects are :—To give a stronger impvilse and a more
systematic direction to scientific inquiry,—to promote the intercourse of those

who cultivate Science in diiferent parts of the British Empire, with one
another and with foreign philosophers,—to obtain a more general attention

to the objects of Science, and a removal of any disadvantages of a public kind

which impede its progress.

RULES.
Admission of Members and Associates,

All persons who have attended the first Meeting shall be entitled to be-
come Members of the Association, upon subscribiag an obligation to con-
form to its Rules.

The Fellows and Members of Chartered Literary and Philosophical So-
cieties pubhshing Transactions, in the British Empire, shall be entitled, in
like manner, to become Members of the Association.

The Ofl[icers and Members of the Councils, or Managing Committees, of
Philosophical Institutions shall be entitled, in like manner, to become Mem-
bers of the Association.

AU Members of a Philosophical Institution recommended by its Council
or Managing Committee shall be entitled, in hke manner, to become Mem-
bers of the Association.

Persons not belonging to such Institutions shall be elected by the General
Committee or Coiincil, to become Life Members of the Association, Annual
Subscribers, or Associates for the year, subject to the approval of a General
Meetins;.'o-

Compositions, Subscriptions, and Privileges,

Life Members shall pay, on admission, the sum of Ten Pounds. They
shall receive gratuitously the Reports of the Association which may be pub-

1876. b
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lished after the date of such payment. They arc eligible to all the offices

of the Association.

Annual Subscribers shall pay, on admission, the sum of Two Pounds,

and in each following year the sum of One Pound. They shall receive

yratuitousJij the lieports of the Association for the year of their admission

and for the years in which they continue to pay ivithout iJiterniission their

Annual Subscription. By omitting to pay this Subscription in any particu-

lar year, Members of this class (Annual Subscribers) lose for that and all

future years the privilege of receiving the volumes of the Association gratis :

but they may resume their Membership and other privileges at any sub-

sequent Meeting of the Association, paying on each such occasion the sum of

One Pound. They are eligible to all the Offices of the Association.

Associates for the year shall pay on admission the sum of One Pound.

They shall not receive gratuitousli/ the Peports of the Association, nor be

eligible to serve on Committees, or to hold any office.

The Association consists of the following classes:

—

1. Life Members admitted from 1831 to 1845 inclusive, who have paid

on admission Five Pounds as a composition.

2. Life Members who in 1846, or in subsequent years, have paid on ad-

mission Ten Pounds as a composition.

3. Annual Members admitted from 1831 to 1839 inclusive, subject to the

payment of One Pound annually. [May resume their Membership after in-

termission of Annual Payment.]

4. Annual Members admitted in any year since 1839, subject to the pay-
rr ent of Two Pounds for the first year, and One Pound in each following year.

[May resume their Membership after intermission of Annual Payment.]

5. Associates for the j'ear, subject to the payment of One Pound.
6. Corresponding Members nominated by the Council.

And the Members and Associates will be entitled to receive the annual

volume of Eeports, gratis, or to purchase it at reduced (or Members') price,

according to the following specification, viz. :

—

1. Gratis.—Old Life Members who have paid Five Pounds as a compo-
sition for Annual Payments, and previous to 1845 a further

sum of Two Pounds as a Book Subscription, or, since 1845, a

further sum of Five Pounds.
New Life Members who have paid Ten Pounds as a composition.

Annual Members who have not intermitted their Annual Sub-
scription.

2. At reduced or Memhcrs' Prices, viz. two thirds of the Publication

Price.—Old Life Members who have paid Five Pounds as a

composition for Annual Payments, but no further sum as a
Book Subscription.

Annual Members who have intermitted their Annual Subscription.

Associates for the year. [Privilege confined to the volume for

that year only.]

3. Members may purchase (for the purpose of completing their sets) any
of the first seventeen volumes of Transactions of the Associa-
tion, and of which more than 100 copies remain, atone third of
the Publication Piice. Application to be made at the Office

of the Association^ 22 Albemarle Street, London, W.
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Volumes not claimed within two years of the date of publication can only

be issued by direction of the Council.

Subscriptions shall be received by the Treasurer or Secretaries.

Meetings.

The Association shall meet annually, for one week, or longer. The place

of each Meeting shall be appointed by the General Committee two years in

advance ; and the Arrangements for it shall be entrusted to the Officers of

the Association.

General Committee.

The General Committee shall sit during the week of the Meeting, or

longer, to transact the business of the Association. It shall consist of the

following persons :

—

Class A. Permakent Members.

1. Members of the Couucil, Presidents of the Association, and Presidents

of Sections for the present and preceding years, with Authors of Eeports in

the Tranr.actions of the Association.

2. Members who by the publication of "Works or Papers have furthered

the advancement of those subjects which are taken into consideration at the

Sectional Meetings of the Association. With a vieiv of submitting new claims

under this Bule to the decision of the Council, tliey must he sent to the Assistant

G'enercd Secretary at least one month before the Meeting of the Association.

The decision of the Council on the claims of any Member of the Association to

he lilaced on the list of the General Committee to be final.

Class B. Temporary Memeers.

1. The President for the time being of any Scientific Society publishing Trans-

actions or, in his absence, a delegate representing him. Claims under this Ride

to he sent to the Assistant General Secretary before the opening of the Meeting.

2. Office-bearers for the time being, or delegates, altogether not exceeding

three, from Scientific Institutions established in the place of Meeting.

Claims under this Hide to be apjiroved by the Loccd Secretaries before the

opening of the Meeting.

3. Foreigners and other individuals whose assistance is desired, and who
are specially nominated in writing, for the Meeting of the year, by the Pre-

sident and General Secretaries.

4. Yice-Pi'esidents and Secretaries of Sections.

Organizing Sectional Committees*

.

The Presidents, Vice-Presidents, and Secretaries of the several Sections

are nominated by the Council, and have power to act until their names are

submitted to the General Committee for election.

From the time of their nomination they constitute Organizing Committees
for the purpose of obtaining information upon the Mcmoii's and Eeports
likely to be submitted to the Sectionsf, and of preparing Eeports thereon,

* Passed by the General Committee, Edinburgh, 1871.
t Knt.icR to Contrihxtors of Memoirs.— \\\\\\ors are reminded tliat, under an arranjre-

ment dating 'rem 1871, the acceptance of Memoirs, and the days on which they are to be
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and on the order in which it is desirable that they should be read, to be pre-

sented to the Committees of the Sections at their first Meeting.

An Organizing Committee may also hold snch preliminary Meetings as the

President of the Committee thinks expedient, but sliall, under any circum-

stances, meet on the first Wednesday of the Annual Meeting, at 11 a.m., to

settle the terms of their Report, after which tlieir functions as an Organizing

Committee shaR cease.

Constitution of the Sectional Committees *.

On the first day of the Annual Meeting, the President, Vice-Presidents,

and Secretaries of each Section having been appointed by tlie General Com-
mittee, these Officers, and those previous Presidents and Vice-Presidents of

the Section who may desire to attend, are to meet, at 2 p.m., in their Com-
mittee Ilooms, and enlarge the Sectional Committees by selecting individuals

from among the Members (not Associates) present at the Meeting whose as-

sistance they may particulai-ly desire. The Sectional Committees thus con-

stituted shall have power to add to their number from day to day.

The List thus formed is to be entered daily in the Sectional Minute-Pook,

and a copy forwarded without delay to the Printer, who is charged Avith

publishing the same before 8 a.m. on the next day, in the Journal of the

Sectional Proceedings.

Business of the Sectional Committees.

Committee Meetings are to be held on the "Wednesday at 2 p.m., on the

following Thursday, Friday, Saturday, Monday, and Tuesday, from 10 to

11 A.M., punctually, for the objects stated in the Eules of the Association,

and specified below.

The business is to be conducted in the following manner :

—

At the first meeting, one of the Secretaries wiU read the Minutes of last

year's proceedings, as recorded in the Minute-Book, and the Synopsis of

Eecommcndatious adopted at the last Meeting of the Association and piinted

in the last volume of the Transactions. He will next proceed to read the

Peport of the Organizing Committee f. The List of Communications to be

read on Thursday shall be then arranged, and the general distribution of

business throughout the week shall be provisionally ai)pointed. At the cltse

of the Committee Meeting the Secretaries shall forward to the Printer a List

of the Papers appointed to be read. The Printer is charged with publishing

the same before 8 a.m. on Thursday in the Journal.

On the second day of the Annual Meeting, and the following days, the

read, are now as far as possible determined by Organizing Committees for the several

Sections before the hegiiming of the Meeting. It has therefore become necessary, in order

to give an opportunity to the Committees of doing justice to the several Communications,

that each Author should prepare an Abstract of his Memoir, of a length suitable for in-

sertion in the published Transactions of the Association, and that he should send it, toge-

ther with the original Memoir, by book-post, on or before , addressed

thus—" Genei'al Secretaries, British Association, 22 Albemarle Street, London, W. For
Section " If it should be inconvenient to the Author that his Paper should be read

on any particular days, he is requested to send information thereof to the Secretaries in a

separate note.
* Passed by the General Committee, Edinburgh, 1871.

t This and the following sentence were added by the General Committee, 1871.



RULES OP THE ASSOCIATION. XXI

Sscretaries are to correct, on a copy of the Journal, the list of papers which
have been read on that day, to add to it a list of those appointed to be read

on the next day, and to send this copy of the Journal as early in the day as

possible to the Printers, who are charged with printing the same before 8 a.m.

next morning in the Journal. It is necessary that one of the Secretaries of

each Section should call at the Trinting Office and revise the proof each

evening.

Minutes of the proceedings of every Committee are to be entered daily in

the Minute-Book, which should be confirmed at the next meeting of the

Committee.

Lists of the lleports and Memoirs read in the- Sections are to be entered

in the Minute-Book daily, which, with all Memoirs and Copies or Abstracts

of Memoirs furnished by Authors, are to be forwarded, at the close of the Sec-

tional Meetings, to the Assistant General Secretary.

The Yice- Presidents and Secretaries of Sections become ex officio temporary

Members of the General Committee (vide p. xix), and will receive, on ap-

pUcation to the Treasurer in the lieception Eoom, Tickets entitling them to

attend its Meetings.

The Committees will take into consideration any suggestions which may
be ofi'ered by their Members for the advancement of Science. They are

specially requested to review the recommendations adopted at preceding

Meetings, as jniblished in the volumes of the Association and the communi-
cations made to the Sections at this Meeting, for the purposes of selecting

definite points of research to which individual or combined exertion may be

usefully directed, and branches of knowledge on the state and progress of

which lleports are wanted ; to name individuals or Committees for the exe-

cution of such Reports or researches ; and to state whether, and to what de-

gree, these objects may be usefully advanced by the ap] iropriation of the

funds of the Association, by application to Government, Philosophical Insti-

tutions, or Local Authorities.

In case of appointment of Committees for special objects of Science, it is

expedient that all Members of the Committee should be named, and one of
them appointed to act as Secretary, for insuring attention to business.

Committees have power to add to their number persons whose assistance

they may require.

The recommendations adopted by the Committees of Sections are to be

registered in the Forms furnished to their Secretaries, and one Copy of each

is to be forwarded, without delay, to the Assistant General Secretary for pre-

sentation to the Committee of Recommendations. Unless this be done, the

Recommendations cannot receive the sanction of the Association.

N.B.— Recommendations which may originate in any one of the Sections

must first be sanctioned by the Committee of that Section before they can be

referred to the Committee of Recommendations or confirmed by the General

Committee.

Notices Regarding Grants of Money.

Committees and individuals, to whom grants of money have been entrusted

by the Association for the pi'osecution of jiarticular researches in Science,

are required to present to each following Meeting of the Association a Re])ort

of the progress which has been made ; and the Individual or the Member first

named of a Committee to whom a money grant has been made must (pre-

viously to the next meeting of the Association) forward to the General
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Secretaries or Treasurer a statement of tlie sums which have been expended,

and the balance which remains disposable on each grant.

Grants of money sanctioned at any one meeting of the Association expire

a week before the opening of the ensuing Meeting; nor is the Treasurer

authorized, after that date, to allow any claims on account of such grants,

unless they be renewed in the original or a modified form by the General

Committee.

No Committee shall raise money in the name or under the auspices of the

British Association without special permission from the General Committee

to do so ; and no money so raised shall be expended except in accordance

with the rules of the Association.

In each Committee, the Member first named is the only person entitled to

call on the Treasurer, Professor A. W. Williamson, University College, London,

W.C, for such portion of the sums granted as may from time to time be

required.

In grants of money to Committees, the Association does not contemplate

the payment of personal expenses to the members.

In all cases where additional grants of money are made for the continua-

tion of Hesearches at the cost of the Association, the snxa named is deemed

to include, as a part of the amount, whatever balance may remain unpaid on

the former grant for the same object.

All Instniments, Papers, Drawings, and other property of the Association

are to be deposited at the Office of the Association, 22 Albemarle Street,

Piccadilly, London, W., when not employed in carrying on scientific inquiries

for the Association.

Business of the Sections,

The Meeting Room of each Section is opened for conversation from 10 to

11 daily. Tlie Section Rooms and approuclies thereto can he used for no notices,

exhibitions, or other purposes than those of the Association.

At 11 precisely the Chair wiU be taken, and the reading of communica-
tions, in the order previously made public, be commenced. At 3 p.m. the

Sections will close.

Sections may, by the desire of the Committees, divide themselves into

Departments, as often as the number and nature of the communications de-

livered in may render such divisions desirable.

A Report presented to the Association, and read to the Section which
originally called for it, may be read in another Section, at the request of the

Officers of that Section, with the consent of the Author.

Duties of the Doorkeepers.

1.—To remain constantly at the Doors of the Rooms to which they are ap-
pointed during the whole time for which they are engaged.

2.—To require of every person desirous of entering the Rooms the exhibi-
tion of a Member's, Associate's or Lady's Ticket, or Reporter's Ticket,

signed by the Treasurer, or a Special Ticket signed by the Assistant
General Secretary.

3.—Persons unprovided with any of these Tickets can only be admitted to
any particular Room by order of the Secretary in that Room.

No person is exempt from these Rules, except those Officers of the Asso-
ciation whose names are printed.
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Duties of the Messengers.

To remain constantly at the llooms to which they arc appointed, during

the whole time for which they are engaged, except when employed on mes-
sages by one of the Officers directing these Rooms.

Committee of Recommendations.

The General Committee shall appoint at each Meeting a Committee, which
shall receive and consider the Recommendations of the Sectional Committees,

and report to the General Committee the measures which they would advise

to be adopted for the advancement of Science.

All Recommendations of Grants of Money, Requests for Special Researches,

and Reports on Scientific Subjects shall be submitted to the Committee of

Recommendations, and not taken into consideration by the General Committee
luiless previously recommended by the Committee of Recommendations.

Local Committees.

Local Committees shall be formed by the Officers of the Association to

assist in making arrangements for the Meetings.

Local Committees shall have the power of adding to their numbers those

Members of the Association whose assistance they may desire.

Officers.

A President, two or more Vice-Presidents, one or more Secretaries, and a

Treasiu'cr shall be annually appointed by the General Committee.

Council.

In the intervals of the Meetings, the affairs of the Association shall be ma-
naged by a Council appointed by the General Committee. The Council may
also assemble for the despatch of business during the week of the Meeting.

Papers and Communications.

The Author of any paper or communication shall be at liberty to reserve

his right of property therein

.

Accounts.

The Accounts of the Association shall be audited annually, by Auditors

appointed by the General Committee.



a
03

a

rs

Pi

a

CD

2 B

"o
o

<1

o
a

a
a
o

CO
^^

a; O

O oj

a^

T5

03

o

-*^

60

.s

o

a



1876



o S



09

J
si

03=0

fid . (O

OffiO

.09 « d

•n

<
(6

0}

PA

Pu

>

S =

w .

Eh al

a
a:

o

kM'6-5 « ^ ..

— ? 2 •< l^ ii

= £ 5 •- •- e: =-- =
' r" c" :/2 CO £-• f^ "-s

«5
« z

s



wu
E

£
u

<
u
o

9J



CO

li.'

e -

i't

"Si

CCS „-

p. u a;

cs <u c



XXX REPORT 1876.

Presidents and Secretaries ofthe Sections of the Association.

Date and Place. Presidents. Secretaries.

MATHEMATICAL AND PHYSICAL SCIENCES.

COMMITTEE OF SCIENCES, I. MATHEMATICS AND GENERAL PHYSICS.

1832. Oxford iDavies Gilbert, D.C.L., F.E.S....|Ilev. H. Coddington.

1833. Cambridge SirD. Brewster, F.E.S Prof. Forbes.

1834. Edinburgh |Eev. W. WheweU, F.E.S |Prof. Forbes, Prof. Lloyd.

1835. Dublin

1836. Bristol

1837. Liverpool . .

,

1838. Newcastle...

1839. Birmingham

1840. Glasgow ...

1841. Plymouth...
1842. Manchester

1843. Cork
1844. York
1845. Cambridge.

1846. Southampton

1847. Oxford...

1848. Swansea .

1849. Birmingham

1850. Edinburgh..

1851. Ipswich...

1852. Belfast ...

1863. HuU

1854. Liverpool...

1855. Glasgow

1856. Cheltenham

1857. Dublin...

1858. Leeds

SECTION A. MATHEMATICS AND PHYSICS.

Eev. Dr. Eobinson Prof. Sir W. E. Hamilton, Prof.

I

Wheatstone.
Eev. WiUiamWhewell,P.E.S.... Prof. Forbes, W. S. Harris, F. W.

I

Jerrard.

Sir D. Brewster, F.E.S W. S. Harris, Eev. Prof. PoweU, Prof.

Stevelly.

Eev. Prof Chevallier, Major Sabine,

Prof. Stevelly.

J. D. Chance, W. Snow Harris Prof.

Stevelly.

Eev. Dr. Forbes, Prof. Stevelly, Arch.
Smith.

Prof. Stevellv.

Prof. M'Cuiloch, Prof. Stevelly, Eev.
W. Scoresby.

J. Nott, Prof Stevelly.

Eev. Wm. Hey, Prof Stevelly.

Eev. H. Goodwin, Prof Stevelly, G.
G. Stokes.

John Drew, Dr. Stevelly, G. G.
Stokes.

Eev. H. Price, Prof. Stevelly, G. G,
Stokes.

Dr. Stevelly, G. G. Stokes.

Prof Stevelly, G. G. Stokes, W.
Eidout Wills.

W. J. Macquorn Eankine, Prof. Smyth,
Prof. Stevelly, Prof. G. G. Stokes.

S. Jackson, W. J. Macquorn Eankine,
Prof Stevelly, Prof G. G. Stokes.

Prof. Dixon, W. J. Macquorn Ean-
kine, Prof SteveUy, J. Tyndall.

B. Blaydes Haworth, J. D. Sollitt,

Prof Stevellv, J. Welsh.
J. Hartnup, H. G. Puekle, Prof.

Stevelly. J. Tyndall, J. Welsh.
Eev. Dr. Forbes, Prof D. Gray, Prof.

Tyndall.

C. Brooke, Eev. T. A. Southwood,
Prof Stevelly, Eev. J. C. Turnbiill.

Prof. Curtis, Prof. Hennessy, P. A.
Ninnis, W. J. Macquorn Eankine,
Prof. Stevelly

Eev. S. Earnshaw, J. P. Hennessy,
Prof Stevelly, H. J. S. Smith, Prof.

Tvndall.

Sir J. F. W. Herschel, Bart.,

F.E.S.

Eev. Prof Whewell, F.E.S

Prof. Forbes, F.E.S

Eev. Prof Lloyd, F.E.S
Very Eev. G. Peacock, D.D.,
F 7? S

Prof. M'Culloch, M.E.I.A
The Earl of Eosse, F.E.S
The Very Eev. the Dean of Ely .

Sir John F. W. Herschel, Bart.,

F.E.S.

Eev. Prof PoweU, M.A., F.E.S.

Lord Wrottesley, F.E.S
William Hopkins, F.E.S

Prof J. D. Forbes, F.E.S., Sec.

Eev.'w.'wTiewell, D.D., F.E.S.,

Prof. W. Thomson, M.A., F.E.S.

L. &E.
The Dean of Ely, F.E.S. ...

Prof G. G. Stokes, M.A., Sec.

E.S.

Eev. Prof. KeUand, M.A., F.E.S.
L.&E.

Eev. E. Walker, M.A., F.E.S. ...

Eev.T. E. Eobinson,D.D.,F.E.S.,
M.E.I.A.

Eev. W. Whewell, D.D., V.P.E.S.



PRESIDENTS AND SECKETARIES OV THE SECTIONS. XXXI

Date and Place.

1859. Aberdeen .

1860. Oxford

1861. Manchester.

1862. Cambridge..

1S63. Newcastle...

1864. Bath

186n. Birmingham

1866. Nottingham

1867. Dundee

1868. Norwich ...

1869. Exet«r

1870. Liverpool ...

1871. Edinburgh .

1872. Brighton ...

1873. Bradford ..,

1874. Belfast

Presidents. Secretaries.

.'The Earl of Kosse, M.A., K.P.,

ReT. B. Price, M.A., F.E.S

G. B. Airy, M.A., D.C.L., F.E.S.

Prof. a. G. Stokes, M.A., F.E.S.

Prof W. J. Macquorn Eankine,
C.E., F.E.S.

Prof. Cavley, M.A., F.E.S.,

F.E.A.S.

W. Spottiswoode, M.A., P.R.S.,

F.E.A.S.

Prof. Wheatstone, D.C.L., F.E.S.

Prof. Sir W. Thomson, D.C.L.,
"P TJ G

Prof. J. Tyndall, LL.D., F.E.S...

Prof. J. J. Sylvester, LL.D.

J. Clerk Maxwell, M.A., LL.D.
F.E.S.

1875.

1876.

Bristol ..

Glasgow

Prof. P. G. Tait, F.E.S.E

W. De La Eue, D.C.L., F.E.S..

Prof. H. J. S. Smith, F.E.S

Eev. Prof. J. H. Jellett, M.A.
M.E.I.A.

Prof. Balfour Stewart, M.A.,
LL.D., F.E.S.

Prof. Sir W. Thomson, M.A.,
D.C.L., F.E.S.

J. P . Hennessy, Prof. Maxwell, H. J. S.

Smith, Prof. Stevellv.

Eev. G. C. BeU, Eev. T. Eennison,
Prof. Stevelly.

Prof E. B. Clifton, Prof. H. J. S.

Smith, Prof. Stevelly.

Prof E. B. Clifton, Prof. H. J. S.

Smith, Prof. Stevelly.

Eev. N. Ferrers, Prof. Fuller, F. Jenkin,
Prof. Stevelly, Eev. C. T. Wliitley.

Prof. Fuller, F. Jenkin, Eev. G.
Buckle, Prof. Stevelly.

Eev. T. N. Hutchinson, F. Jenkin, G.
S. Mathews, Prof. H. J. S. Smith,
J. M. Wilson.

Fleeming Jenkin, Prof. H. J. S. Smith,
Eev. S. N. Swann.

Eev. G. Buckle, Prof. G. C. Foster,

Prof. Fuller, Prof. Swan.
Prof. G. O. Foster, Eev. E. Harley,

E. B. Hayward.
Prof G. C. Foster, E. B. Hayward,
W. K. Clifford.

Prof W. G. Adams, W. K. Clifford,

Prof. G. C. Foster, Eev. W. Allen
Whitworth.

Prof. W. G. Adams, J. T. Bottomley,
Prof. W. K. Clifford, Prof. J. D.
Everett, Eev. E. Harley.

Prof. W.K.Clifford, J.W.L. Glaisher,

Prof A. S. Herschel, G. F. Eodwell.
Prof. W. K. Clifford, Prof Forbes, J.

W. L. Glaisher, Prof. A. S.Herschel.
J. W. L. Glaisher, Prof. Herschel,

Eandal Nixon, J. Perry, G. F. Eod-
well.

Prof.W. F. Barrett, J.W. L. Glaisher,

C. T. Hudson, G. F. EodweU.
Prof. W. F. Barrett, J. T. Bottomlev,

Prof. G. Forbes, J. W. L. Glaisher,

T. Muir.

CHEMICAL SCIENCE.

COMMITTEE OP SCIENCES, II.—CHEMISTRY, MINERALOGY.

1832. Oxford [John Dalton.D.C.L., F.E.S IJames F. W. Johnston.

1833. Cambridge..!John Dalton, D.C.L., F.E.S IProf. Miller.

1834. Edinburgh...|Dr. Hope JMr. Johnston, Dr. Christison.

1835. Dublin .

1836. Bristol

,

1837. Liverpool.

SECTION B. CHEMISTRY AND MINERALOGY.

Dr. T^ Thomson, F.E.S |Dr. Apjohn, Prof. Johnston.
Dr. Apjohn, Dr. C. Henry, W. Hera-

path.

Prof. Johnston, Prof. Millci-, Dr.
Eeynolds.

Prof MiUer, R. L. Pattinson, Thomas
Eichardson.

Eev. Prof. Cumming.

Michael Faraday, F.E.S

1838. Newcastle... Eev. William Whewell, F.E.S.,
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Date and Place. Presidents. Secretaries.

18.39. Birmingham Prof. T. Graham, F.E.S

1840. Glasgow ... Dr. Thomas Thomson, F.E.S. ..

1841. Plymouth...

1842.

1843.

1844.

1845.

1846.

1-547.

1848.

1849.

1850.

1851.

1852.

Manchester,
Cork
York
Cambridge..

Southampton
Oxford
Swansea . .

.

Birmingliam
Edinburgh
Ipswich .

Belfast ....

Dr.Daubeny, F.E.S

John Dalton, D.C.L., F.E.S..

Prof. Apjohn, M.E.I.A
Prof. T. iSraham, F.E.S
Eev. Prof. Cummins

1853. Hull ,

1854.

1855.

1856.

1857.

1858.

1859.

1860.

1861.

1862.

Liverpool . .

.

Glasgow . .

.

Cheltenham

Dublin

Leeds

Aberdeen .

.

Oxford

Manchester

.

Cambridge

1863. Newcastle...

1864.

1865.

1866.

1867.

1868.

1869.

1870.

1871.

1872.

1873.

1874.

1875.

1876.

Bath
Birmingham

Nottingham

Dundee ...

Norwich . .

.

Exeter

Liverpool . .

.

Edinburgh

Brighton ...

Bradford ...

Belfast

Michael Faraday, D.C.L., F.E.S.

Eev.W.V.Harcourt, M.A., F.E.S.

Eichard Phillips. F.E.S
John Percy, M.D., F.E.S

Dr. Christison, V.P.E.S.E
Prof. Thomas Graham, F.E.S. ...

Thomas Andrews, M.D., F.E.S.

.

Prof. J. F. W. Johnston, M.A.,

Prof. W. A. MiUer, M.D., F.E.S.

Dr. Lyon Playfair, C.B., F.E.S.

.

Prof. B. C. Brodie, F.E.S

Prof. Apjohn, M.D., F.E.S.,

M.E.LA.
Sir J. F. W. Herschel, Bart.,

D.C.L.
Dr. Lyon Playfair, C.B., F.E.S.

.

Prof B. C. Brodie, F.E.S

Prof. W. A. Miller, M.D., F.E.S
Prof. W. A. Miller, M.D., F.E.S

Dr. Alex. W. Williamson, F.E.S.

W. Odling, M.B., F.E.S., F.C.S.

Prof. W. A. Miller, M.D.,V.P.E.S.

H. Bence Jones, M.D., F.E.S. ...

Prof. T. Anderson.M.D. , F.E.S E.

Prof.E. Frankland, F.E.S., F.C.S.

Dr. H. Debus, F.E.S., F.C.S. ...

Prof. H. E. Eoscoe, B.A., F.E.S.,

F C S
Prof. T.' Andrews, M.D., F.E.S.

Dr. J. n. Gladstone, F.E.S

Prof. W. J. Eussell, F.E.S

Prof. A. Crum-Brown, M.D.,
F.E.S.E., F.C.S.

Bristol IA. G.Vernon Harcom-t, M.A.,

i

F.E.S., F.C.S.

Glasgow ...IW.H. Pcrkiu, F.E.S

Gelding Bird, M.D., Dr. J. B. Melson.
Dr. E. D. Thomson, Dr. T. Clark,

Dr. L. Playfair.

J. Prideaux, Eobert Hunt, W. M.
Tweedy.

Dr. L. Playfair, E. Hunt, J. Graham.
E. Hunt, Dr. Sweeny.
Dr. E. Playfair, E. Solly, T. H. Barker.
E. Hunt, J. P. Joule, Prof. Miller,

E. Solly.

Dr. Miller, E. Hunt, W. Eandall.

B. C. Brodie, E. Hunt, Prof. Solly.

T. H. Henry, E. Hunt, T. Williams.
E. Hunt, G. Shaw.
Dr. Anderson, E. Hunt, Dr. Wilson.
T. J. Pearsall, W. S. Ward.
Dr. Gladstone, Prof. Hodges, Prof.

Eonalds.

H. S. Blundell, Prof. E. Hunt, T. J.

Penrsall.

Dr. Edwards, Dr. Gladstone, Dr. Price.

Prof. Frankland, Dr. H. E. Eoscoe.

J. Horsley, P. J. Worsley, Prof.

Voelcker.

Dr. Davy, Dr. Gladstone, Prof. Sul-

livan.

Dr. Gladstone, W. OdUng, E. Eey-
nolds.

J. S. Brazier, Dr. Gladstone, G. D.
Liveing, Dr. Odling.

A. Vernon Harcoui't, G. D. Liveing,

A. B. Northcote.

A. Vernon Harcourt. G. D. Liveing.

H. W. Elphinstone, W. Odling, Prof.

Eoscoe.

Prof. Liveing, H. L. Pattinson, J. C.
Stevenson.

A.V. Harcourt. Prof. Liveing, E. Biggs.

A. V. Harcourt, H. Adkins, Prof.

Wanklyn, A. Winkler Wills.

J. H. Atherton, Prof. Liveing, W. J.

Eussell, J. White.
A. Crum Brown, Prof. G. D. Liveing,

W. J. Eussell.

Dr. A. Crum Brown, Dr. W. J. Eus-
sell, F. Sutton.

Prof. A. Crum Brown, M.D., Dr. W.
J. Eussell, Dr. Atkinson.

Prof. A. Crum Brown, M.D., A. E.
Fletcher, Dr. W. J. Eussell.

J. T. Buchanan, W. N. Hartley, T. E.
Thorpe.

Dr. Mills, W. Chandler Eoberts, Dr.
W. J. Eussell, Dr. T. Wood.

Dr. Armstrong. Dr. Mills, W. Chand-
ler Eoberts, Dr. Thorpe.

Dr. T. Cranstoun Charles, W. Chand-
ler Eoberts, Prof. Thorpe.

Dr. H. E. Armstrong, W. Chandler
Eoberts, W. A. Tilden.

W. Dittmar, W. Chandler Eoberts,

J. M. Thomson, W. A. Tilden.
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Date and Place. Presidents. Secretaries.

GEOLOGICAL (and, until 1851, GEOGEAPHICAL) SCIENCE.

COMMITTEE OF SCIENCES, III.—GEOLOGY AND GEOGRAPHY.

1832. Oxford R. I. Murcbison, RR.S
1833. Cambridge .G. B. Greenougb, RR.S
1 834. Edinburgh . Prof. Jameson

John Taylor.

W. Lonsdale, John Phillips.

Prof. Phillips, T. Jameson Torrie,

I Rev. J. Yates.

SECTION C.—GEOLOGY AND GEOGRAPHY.

1835.

1836.

1S.37.

1838.

1839.

1840.

1841.

1842.

1843.

1844.

1845.

1840.

Dublin R.J. Griffith

Bristol Rev. Dr. Buckland, F.R.S.— Geo-

,

graphy. R. I. Murchison,F.R.S.
Liverpool .

.
|Rev.Prof. Ssdgwick.RR.S.— Geo-

\

^rrrt^^y. G.B.Greenough.RR.S.
Newcastle... IC.Lyell, RR.S., V.P.G.S.— (^w-

I

graphy. Lord Prudhope.
BirminghamlRev. Dr. Buckland, F.R.S.

—

Geo-

I

graphy. G.B.Greonough,F.R.S.
Glasgow ...Charles Lyell, F.R.S.^(?«0(7?-rt-

2)hy. G. B. Greenough, F.R.S.

Plymouth .

.

Manchester

Cork

York

Cambridge .

Southampton

H. T. De la Beche, F.R.S

R. L Murchison, F.R.S

Richard E. Griffith, F.R.S.,

M.R.I.A.
Henry Warburton, M.P., Pres.

Geol. See.

Rev. Prof. Sedgwick, M.A., F.R.S.

LeonardIIorner,F.R.S.

—

Geogra-

phy. Or. B. Greenough, F.R.S.

Very Rev. Dr. Buckland, F.R.S.1847. Oxford

1848,

1849

1 850. Edinburgh * Sir Roderick I. Murchison,F.R.S.

Swansea ...Sir H. T. De la Beche, C.B.

I

F.R.S.
Birmingham Sir Charles Lyell, F.R.S., F.G.S.

Captain Portlock, T. J. Torrie.

William Sander.s S. Stutohbury, T. J.

Torrie.

Captain Portlock, R. Hunter.

—

Gco-

graphi/. Captain H. M. Denham.R.N.
W. C.'Trevelyan, Capt. Portlock.—

Geography. Capt. Washington.
George Lloyd, M.D., H. E. Strickland,

Charles Darwin.
W. J. Hamilton, D. Milne, Hugh
Murray, H. E. Strickland, John
Scoular, M.D.

W. J. Hamilton, Edward Moore,M.D.,
R. Hutton.

E. W. Binney, R. Hutton, Dr. R.

Lloyd, H. E. Strickland.

Fi-ancis M. Jennings, H. E. Strick-

land.

Prof. Ansted, E. H. Banbury.

Rev. J. C. Cummhig, A. C. Ramsay
Rev. W. Thorp.

Robert A. Austen, J. H. Norten, M.D.,

Prof. Oldham.— Geography. Dr. C.

T. Beke.

Prof. Ansted, Prof. Oldham, A. C.

Ramsay, J. Ruskin.

Starling Benson, Prof. Oldham, Prof.

Ramsay.
J. Beete Jukes, Prof Oldham, Prof

A. C. Ramsay.
A. Keith Johnston, Hugh Miller, Prof.

Nicol.

1851.
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Date and Place.

1855. Glasgow ...

1856. Cheltenham

1857. Dublin

1858. Leeds

1859. Aberdeen ...

1860. Oxford

1861. Manchester

1862. Cambridge

1863. Newcastle ...

1804. Bath

1865. Birmingham

1866. Nottingham

1867. Dundee

1868. Norwich ...

1869. Exeter

1870. Liverpool...

1871. Edinburgh..

1872. Brighton ...

1873. Bradford ...

1874. Belfast

1875. Bristol

1876. Glasgow ...

Presidents.

Sir R. I. Murchison, F.E.S. . .

,

Prof. A. C. Ramsay, F.E.S. ...

The Lord Talbot de Malahide

WiUiam Hopkins, M.A., LL.D.,

F.E.S.
Sir Charles Lyell, LL.D., D.C.L

F.E.S.

Eev. Prof. Sedgwick, LL.D.,
F.R.S., F.G.S.

Sir E. I. Miu-chison, D.C.L.,

LL.D., F.E.S., &c.

J. Beete Jukes, M.A., F.E.S

Prof. Warington W. Smyth,
F.E.S., F.G.S.

Prof J. Phillips, LL.D., F.E.S.,

F.G.S.

Sir E. I. Murchison, Bart.,K;.C.B.

ProfA.C. Eamsay, LL.D., F.E.S.

Archibald Geikie, F.E.S., F.G.S.

E. A. C. Godwin-Austen, F.E.S.,

F G S

Prof. E."Harkness, F.E.S., F.G.S.

Sir Philip de M. Grey Egerton,

Bart., M.P., F.E.S.
Prof. A. Geikie, F.E.S., F.G.S...

E. A. C. Godwin-Austen, F.E.S.

Prof. J. Phillips, D.C.L., F.E.S.,

F.G.S.
Prof. Hull, M.A., F.E.S., F.G.S.

Secretaries.

Dr. Thomas Wright, F.E.S.E.,

F.G.S.

Prof. John Young, M.D

. . . James Bryce, Prof. Harkness, Prof.

Nicol.

Eev. P. B. Brodie, Eev. E. Hepworth,
Edward Hull, J. Scougall, T.Wright.

Prof. Harkness, Gilbert Sanders, Ro-
bert H. Scott.

Prof Nicol, H. C. Sorbv, E. W.
Shaw.

Prof Harkness, Eev. J. Longniuir, H.
C. Sorby.

Prof. Harkness, Edward Hull, Capt.

Woodall.
Prof Harkness, Edward Hull, T. Ru-

pert Jones, G. W. Ormerod.
Lucas Barrett, Prof. T. Rujiert Jones,

H. C. Sorby.

E. F. Boyd, Jolm Daglish, H. C. Sor-

by, Thomas Sopwith.

W. B. Dawkins, J. Johnston, H. C.

Sorby, W. Pengelly.

Eev. P. B. Brodie, J. Jones, Eev. E.
Myers, H. C. Sorby. W. Pengelly.

E. Etheridge, W. Pengelly, T. Wil-
son, G. H. Wright.

Edward Hull, W. Pengelly, Henry
Woodward.

Eev. O. Fisher, Rev. J. Gunn, W.
Pengelly, Rev. H. H. Winwood.

W. Pengelly, W. Boyd Dawkins, Rev.
H. H. Winwood.

W. Pengelly, Rev. H. H. Winwood,
W. Boyd Dawkins, G. H. Morton.

R. Etlieridge, J. Geikie, J. M^Kenny
Hughes, L. C. Miall.

L. C. Miall, George Scott, William
Topley, Henry Woodward.

L. C. Miall, E. H. Tiddeman, W.
Topley.

F. Drew, L. C. Miall, E. G. Symcs,
R. H. Tiddeman.

L. C. Miall, E. B. Tawney, W. Topley.

J. Armstrong, F. W. Rudler, W.
Topley.

BIOLOGICAL SCIENCES.

COMMITTEE OP SCIENCES, IT. ZOOLOGY, BOTANY, rHYSIOLOOY", ANATOMY.

1832. Oxford
1833. Cambridge*
1834. Edinburgh

Rev. P. B. Duncan, F.G.S
Eev. W. L. P. Garnons, F.L.S.
Prof. Graham

Rev. Prof. J. S. Henslow.
C. C. Babington, D. Don.
W. Yarrell, Prof. Biu-nett.

* At this Meeting Physiology and Anatomy were made a separate Committee, for

Presidents and Secretaries of which see p. xxxvi.
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Date and Place. Presidents. Secretarie.s.

SECTION D. ZOOLOGY AND BOTANY.

1835. Dublin
1836. Bristol

1837. Liverpool . .

.

1838. Newcastle...

1839. Brimingham
1840. Glasgow ...

1841. Plymouth...
1842. Mancliester

1843. Cork .

1844. York.

1845. Cambridge
1846. Southampton

1847. Oxford

Dr. Allman
Rev. Prof. Henslow

W. S. MacLeay

Sir W. Jardine, Bart

Prof. Owen, F.R.S
Sir W. J. Hooker, LL.D .

John Eiehard.son, M.D., F.R.S.

.

Hon. and Very Rev. W. Herbert
LL.D., F.L.S.

William Thompson, F.L.S

Very Eev. The Dean of Manches-
ter.

Rev. Prof. Henslow, F.L.S
Sir J. Richardson, M.D., F.R.S.

H. E. Strickland, M.A., F.R.S...

J. Curtis, Dr. Litton.

J.Curtis, Prof. Don, Dr. Riley, S.

Rootsey.

C. C. Babington, Rev. L. Jenyns, W.
Swainson.

J. E. Gray, Prof. Jones, R. Owen, Dr.
Richardson.

E. Forbes, W. Ick, R. Patterson.

Prof. W. Couper, E. Forbes, R. Pat-
terson.

J. Couch, Dr. Lankester, R. Patterson.
Dr. Lankester, R. Patterson, J. A.

Turner.

G. J. Allman, Dr. Lankester, E. Pat-
terson.

Prof. Allman, H. Goodsir, Dr. King,
Dr. Lankester.

Dr. Lankester, T. V. Wollaston.
Dr. Lankester, T. V. Wollaston, H.
Wooldridge.

Dr. Lankester, Dr. Melville, T. Y.
Wollaston.

SECTION D (continued).—zoology and botany, including physiology.

[For the Presidents and Secretaries of the Anatomical and Physiological Subsections
and the temporary Section E of Anatomy and Medicine, see p. xxxvii.]

1848. Swansea

1849. Birmingham
1850. Edinburgh..

1851. Ipswich.

1852. Belfast .

18.53. Hull
,

1854. Liverpool ...

18.55. Glasgow ...

1856. Clieltenham

1857. Dublin ..

1858. Leeds

1859. Aberdeen

L. W. Dillwyn, F.R.S.

William Spence, F.R.S
Prof. Goodsir, F.R.S. L. &E. ...

Rev. Prof. Henslow, M.A., F.R.S.

W. Ogilby

C. C. Babington, M.A., F.R.S.

Prof.W.H. Harvey, M.D., F.R. S.

Sir W. Jardine, Bart, F.R.S.E..

Dr. R. Wilbraham Falconer, A. Hen-
frey. Dr. Lankester.

Dr. Lankester, Dr. Russell.

Prof. J. H. Bennett, M.D., Dr. Lan-
kester, Dr. Douglas Maclagan.

Prof. Allman, F. W. Johnston, Dr. E.
Lankester.

Dr. Dickie, George C. Hyndmau, Dr.
Edwin Lankester.

Robert Harrison, Dr. E. Lankester.
Prof. Balfour, M.D., F.R.S jlsaac Byerley, Dr. E. Lankester.
Rev. Dr. Fleeming, F.R.S.E. ...IWilliam Keddie, Dr. Lankester.
Thomas Bell, F.R.S., Pres.L.S.... Dr. J. Abercrombie, Prof. Buckman,

Dr. Lankester.

Prof. J. R.Ejnahan,Dr.E. Lankester,
Robert Patterson, Dr. W. E. Steele.

C. C. Babington, M.A., F.R.S.... iHenry Denny, Dr. Heaton, Dr. E .

Lankester, Dr. E. Perceval Wright.
Prof. Dickie, M.D., Dr. E. Lankester,

Dr. Ogilvy.

1860. Oxford Rev. Prof Henslow, F.L.S iW. S. Chm-ch, Dr. E. Lankester, P.

I

I L. Sclater, Dr. E. Perceval Wright.
1861. Manchester.. Prof. C. C. Babington, F.R.S. ...iDr. T. Alcock, Dr. E. Lankester, Dr.

I

j

P. L. Sclater, Dr. E. P. Wright.
1862. Cambridge...Trof. Huxley, F.R.S
1863. Newcastle ...IProf. Balfour, M.D., F.R.S.

,

1864. Bath

1865. Birmingham

Dr. John E. Gray, F.R.S.

T. Thomson, M.D., F.R.S.

.!Alfred Newton, Dr. E. P. Wright.
Dr. E. Charlton, A. Newton, Rev. H.

B. Tristram, Dr. E. P. Wright.
H. B. Brady, C. E. Broom, H. T.

Stainton, Dr. E. P. Wright.
Dr. J. Anthony. Rev. C. Clarke, Rev.

, H. B. Tristram, Dr. E. P. Wright.

C2
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Date and Place. Presidents. Secretaries.

1866. Nottingham

SECTION D (continued).—biology*.

1867. Dundee

1868. Norwich ...

1869. Exeter

1870. Liyerpool...

1871. Edinburgh

1872. Brighton ...

1873. Bradford ...

1874. Belfast

187.'''. Bristol....

1876. Glasgow ...

Prof. Huxley, LL.D., F.E.S.—
Physiological Bep. Prof. Hum-
phry, M.D., RE.S.

—

AnthropoA
logicalBcp. Alfred E.Wallace,'

RE.G.S.
Prof. Sharpey, M.D., Sec. E.S.—

Bcp. of Zool. and Bot. George
Busk, M.D., RE.S.

Eev. M. J. Berkeley, F.L.S.—
Bcp. of Fhysiology, W. H.
Flower, F.E.S.

George Busk, RE.S., RL.S.—
Bep. ofBot. and Zool. 0. Spence

Bate, F.Tl.S.—Bcp. of Efkno.

E. B. Tylor.

Prof. G. Eolleston, M.A., M.D.
F.B..S.,F.L.8.—Bep. Anat. ami
Physiol. Prof. M. Foster, M.D.,i

F.L.a.—Bep. 0/ Efkno. J.,

Evans, RE.S.
Prof.Allen Tliomson,M.D.,F.E.S.—Bep. ofBot. and Zool. Prof.

Wyville Thomson, F.E.S.

—

Bep. of Anthropol. Prof. W.
Turner, M.D.

Sir John Lubbock, Bart., F.E.S.—Bep. of Anat. <ind Physiol.

Dr. Burdon Sanderson, F.E.S.—Bcp of Anthropol. Col. A.
Lane Fox, RG.S.

Prof. Allman, F.E.S.—i)*^;. of
Anat. and Phi/siol. Prof. Eu-
therford, M.J).—Bep. of An-
throjwl. Dr. Beddoe, F.E.S.

Prof. Eedfern, M-B.—Bcp. of
Zool. and Bot. Dr. Hooker,
C.B., Pres. ^.^..—Bcp. of An-
thropol. Sir W. E.Wilde,M.D.

F.L.Sc\ater,F.'R.S.—Bep. ofAnat.
andPhysiol.Proi.CleUndyM.T).,
F.n.S.—Bep. ofAnthropol. Prof.

Eolleston, M.D., F.E.S.
A. Eussel Wallace, RE.G.S.,
RL.S.— Z'fp. of Zool. and Bot
Prof. A. Newton, M.A., F.E.S.
— Bep. of Anat. and Physiol.

Dr.J.G.McKendriek,F.E.S.E.

Dr. J. Beddard, W. Felkin, Eev. H.
B. Tristram, W. Turner, E. B.
Tylor, Dr. E. P. Wright.

C. Spence Bate, Dr. S. Cobbold, Dr.
M. Foster, H. T. Stainton, Eey. H.
B. Tristram, Prof. W. Turner.

Dr. T. S. Cobbold, G. W. Firth, Dr.
M. Foster, Prof. Lawson, H. T.
Stainton, Eev. Dr. H. B. Tristram,
Dr. E. P. Wright.

Dr. T. S. Cobbold, Prof. M. Foster,

M.D., E. Eay Lankester, Professor

Lawson, H. T. Stainton, Eev. H. B.
Tristram.

Dr. T. S. Cobbold, Sebastian Evans,
Prof. Lawson, Thos. J. Moore, H,
T. Stainton, Eev. H. B.Tristram,
C. Staniland Wake, E. Eay Lan-
kester.

Dr. T. E. Eraser, Dr. Arthur Gamgee,
E. Eay Lankester, Prof. Lawson,
H. T. Stainton, C. Staniland Wake,
Dr. W. Eutherford, Dr. Kelburno
King.

Prof. Thiselton-Dyer, H. T. Stainton,

Prof Lawson, F. W. Eudler, J. H.
Lamprey, Dr. Gamgee, E. Eiiy Lan-
kester, Dr. Pye-Smith.

Prof. Thiselton-Dyer, Prof. Lawson,
E. M'Laohlan, Dr. Pye-Smith, E.
Eay Lankester, F. W. Eudler, J.

H. Lamprey.
W. T. Thiselton-Dyer, E. O. Cunning-
ham, Dr. J. J. Charles, Dr. P. H.
Pye-Smith, J. J. Murphy, F. W.
Eudler.

E. E. Alston, Dr. McKeudrick, Prof.

W. E. M'Nab, Dr. Martyu, F. W.
Eudler, Dr. P. H. Pye-Smith, Dr.
W. Spencer.

E. E. Alston, Hyde Clarke, Dr. Knox,
Prof. W. E. M'Nab, Dr. Muirhead,
Prof. Morrison Watson.

ANATOMICAL AND PHYSIOLOGICAL SCIENCES.

COMMITTEE OF SCIENCES, V. ANATOMY AND PHYSIOLOGY.

18.33. Cambridge..,

1831. Edinburgh...

Dr. Haviland
Dr. Abercrombie

Dr. Bond, Mr. P.aget.

Dr. Eoget, Dr. William Thomson.

* At a Meeting of the General Committee in 1865, it was resolved :—" That the
titleof Section D be changed to Biology;" and "That for the word 'Subsection,' in the
rules for conducting the business of the Sections, the word ' Department ' be substituted.
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Date and Place. Presidents. Secretaries.

SECTION E. (xrXTIL 1847.) ANATOMY AXD MEDICINE.

1835. Dublin ^Dr. PritcLard

1836. Bristol ....

1837. Liverpool

.

Dr. Eoget, RKS
Prof. W. Clark, M.D.

1838. Newcastle . . . T. E. Headlam, M.D
1839. Birmingham John Yelloly, M.D.,F.E.S. ..

1 840. Glasgow . . . James Watson, M.D
1841. Plymouth ... P. M. Eoget, M.D., Sec.E.S.

1842. Manchester .'sdward Holme, M.D., F.L.S.

1843. Cork 'Sir James Pitcairn, M.D
1844. York

,

:J. C. Pritchard, M.D.

... Dr. HarrLson, Dr. Hart.

... Dr. Symonds.

... Dr. J. Carson, jun., James Long, Dr.
J. E. W. Vose.

... T. M. Greenhow, Dr. J. R.W. Voso.

... Dr. G. O. Eees, F. Eyland.

. . . Dr. J. Brown, Prof.Couper, Prof.Reid.

...Dr. J. Butter, J. Fuge, Dr. E. S.

Sargent.

...jDr. Chaytor, Dr. E. S. Sargent.

...|Dr. John Popham, Dr. E. S. Sargent.

. . . T. Erichsen, Dr. R. S. Sargent.

SECTION E. PHYSIOLOGY.

1845. Cambridge . Prof. J. Haviland, M.D
1846. Southampton Prof. Owen, M.D., F.E.S

1847. Oxford* ...!Prof. Ogle, M.D., F.E.S..

Dr. E. S. Sargent, Dr. Webster.
C. P. Keele, Dr. Laycock, Dr. Sargent.

Dr. Thomas K. Chambers, W. P.
Ormerod.

PHYSIOLOGICAL SUBSECTIONS OF SECTION D.

1850. Edinburgh iProf. Bennett, M.D., F.E.S.E.

1855. Glasgow ...Prof. Allen Thomson, F.E.S. ...

1857. Dublin Prof. E. Harrison, M.D
1858. Leeds Sir Benjamin Brodie,Bart.,F.E.S.

ISSa Aberdeen ... Prof. Sharper, M.D., Sec.E.S. ...

1860. Oxford Prof. G. RoUeston, M.D., F.L.S.

1861. Manchester. Dr. John Daw, F.E.S.L. & E. ...

1 862. Cambridge . C. E. Paget, M.D
1863. Newcastle... Prof Eolleston, M.D., F.E.S. ...

1864. Bath |Dr. Edward Smith, LL.D., F.E.S
1865.Birminghmt.Prof.Acland,M.D.,LL.D.,F.E.S.

Prof. J. H. Corbett, Dr. J. Struthers.

Dr. E. D. Lyons, Prof. Eedfern.

C. G. Wheeihou.se.

Prof. Bennett, Prof. Eedfern.

Dr. R. M'Donnell, Dr. Edward Smith.

Dr. W. Roberts, Dr. Edward Smith.

G. F. Helm, Dr. Edward Smith.

Dr. D. Embleton, Dr. W. Turner.

J. S. Bartrum, Dr. W. Turner.

Dr. A. Fleming, Dr. P. Heslop, Oliver

Pembleton, Dr. W. Turner.

GEOGRAPHICAL AND ETHNOLOGICAL SCIENCES.

[For Presidents and Secretaries for Geography previous to 1851, see Section C, p. xxsiii.]

ETHNOLOGICAL SUBSECTIONS OF SECTION D.

1846. Southampton [Dr. Pritchard

1847. Oxford Prof. H. H. Wilson, M.A.
1848. Swansea ...

1849. Birmingham
1850. Edinburgh.. Vice-Admiral Su- A. Malcolm ...

Dr. King.
Prof. Buckley.

G. Grant Francis.

Dr. R. G. Latham.
Daniel Wilson.

1851. Ipswich

1852. Belfast .

SECTION E.^GEOGKAPHY AND ETHNOLOGY.

Sir E. I. Murchison, F.E.S., Press.

E.G.S.
Col. Chesney, E.A., D.C.L.,

F.E.S.

E. Cull, Rev. J. W. Donaldson, Dr.
Norton Shaw.

E. Cull, E. MacAdam, Dr. Norton
Shaw.

* By direction of the General Committee at Oxford, Sections D and E were incorporated

.:v,der the name of " Section D—Zoology and Botany, including Physiology" (see p. xxxv).

Tlio Section being then vacant was assigned in 1851 to Geography.
1" Vide note on page rtxvi.
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Date and Place.

1853.

1854.

1855.

1856.

1857.

1858.

1859.

1860.

1861.

1862.

1863.

1864.

1865.

1866.

1867.

1868.

Hull

Liverpool . .

.

Glasgow . .

.

Cheltenham

Dublin

Leeds

Aberdeen ...

Oxford

Manchester

.

Cambridge .

Newcastle...

Bath

Birmingliam

Nottingham

Dundee..

Norwich

Presidents. Secretaries.

R. G. Latham, M.D., F.R.S. ...

Sir E. I. Murchison, D.C.L.,

Sir J. Richardson, M.D., F.R.S.

Col. Sir H. C. Rawlinson, K.C.B.

Rev. Dr. J. HenthawnTodd, Pres.

R.LA.
Sir R. I. Murchison, G.C.St.S.

F.R.S.
Rear-Admiral Sir James Clerk

Ross, D.C.L., F.R.S.

Sir R. I. Murcliison, D.C.L.,

John Crawfurd, F.R.S

Francis Galton, F.R.S

Sir R. I. Murchison, K.C.B.,

F.R.S.

Sir R. I. Murchison, K.C.B.,

F.R.S,
Major-General Sir H. Rawlinson,

M.P., K.C.B., F.R.S.

Sir Charles Nicholson, Bart.,

LL.D.

Sir Samuel Baker, F.E.G.S

Capt. G. H. Richards, E.N., F.R.S.j

R. CuU, Rev, H. W. Kemp, Dr. Nor-
ton Shaw.

Richard Cull, Rev. H. Higgins, Dr.
Ihne, Dr. Norton Shaw.

Dr. W. G. Blackie, R. Cull, Dr. Nor-
ton Shaw.

R. Cull, F. D. Hartland, W.H.Rum-
sey, Dr. Norton Shaw.

E. Cull, S. Ferguson, Dr. R. E. Mad-
den, Dr. Norton Shaw.

E.Cul],FrancisGalton,P.O'Callaghan,

Dr. Norton Shaw, Thomas Wriglit.

Eichard Cull, Professor Geddes, Dr.
Norton Shaw.

Capt. Burrows, Dr. J. Hunt, Dr. C.

Lempriere, Dr. Norton Shaw.
Dr. J. Hunt, J. Kingsley, Dr. Norton

Shaw, W. Spottiswoode.

J. W. Clarke, Ecv. J. Glover, Dr.
Hunt, Dr. Norton Shaw, T. Wright.

C. Carter Blake, Hume Greenfield,

C. E. Markham, E. S. Watson.
H. W. Bates, C. R. Markham, Capt.

R. M. Murchison, T. Wright.
H. W. Bates, S. Evans, G. Jabet, C.

R. Mai-kham, Thomas Wright.
H. W. Bates, Rev. E. T. Cusins, E.
H. Major, Clements R. Markliam,
D. W. Nash, T. Wright.

H. W. Bates, Cyril Graham, C. E.
Markham, S. J. Mackie, E. Sturrock.

T. Baines, H. W. Bates, C. E. Mark-
ham, T. Wright.

SECTION E (continued).—geography.

1869. Exeter

1870. Liverpool..

1871. Edinburgh.

1872. Brighton ..

1873. Bradford ..

1874. Belfast

1875. Bristol

1876. Glasgow ..

Sir Bartle Frere, KC.B., LL.D.,
"P

"p r^ o

Sir E. I. Murchison. Bt., K.C.B,,

LL.D., D.C.L., F.E.S., F.G.S.

Colonel Yule, C.B., F.E.G.S. ...

Francis Galton, F.R.S

Sir Rutherford Alcock, K.C.B...

Major Wilson, R.E., F.R.S.

F.E.G.S.
Lieut.-General Strachey, E.E.

C.S.I.,F.E.S., F.E.G.S., F.L.S.

F.G.S.

Capt. Evans, C.B., F.E.S

H. W. Bates, Clements E. Markham,
J. H. Thomas.

H. W. Bates, David Buxton, Albert
J. Mott, Clements E. Markham.

Clements E. Markham, A. Buchan,
J. H. Thomas, A. Keith Johnston.

H. W. Bates, A. Keith Johnston, Eev.
J. Newton, J. H. Thomas.

H. W. Bates, A. Keith Johnston, Cle-
ments E. Markham.

E. G. Eavenstein, E. C. Eye, J. H.
Thomas.

H. W. Bates, E. C. Eye, F. F. Tuckett.

H. W. Bates, E. C. Rye, E. Oliphant
Wood.

STATISTICAL SCIENCE.

COMMITTEE OF SCIENCES, VI. STATISTICS.

1833. Cambridge .IProf. Babbage, F.R.S IJ. E. Drinkwater.
1834. Edinburgh .|Sir Charles Lemon, Bart |Dr. Cleland, C. Hope Maclean.
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Date and Place. Presidents. Secretaries.

1835.

1830.

1837.

1838.

1839.

1840.

1841.

1842.

1843.

1844.

1845.

1846.

1847.

1848.

1849.

1850.

1851.

1852.

1853.

1854.

1855.

Dublin
Bristol

Liverpool . .

.

Newcastle...

Birmingham

Glasgow ...

PljTnouth. .

.

Mancliester

.

Cork
York...

Cambridge .

Southampton

Oxford

Swansea . .

.

Birmingham

Edinburgh ..

Ipswich
Belfast

Hull
Liverpool ...

Glasgow

SECTION F. STATISTICS.

W. Greg, Prof. Longfield.

Rev. J. E. Bromby, C. B. Fripp,
James Heywood.

W. R. Greg, W. Langton, Dr. W. C.
Tayler.

W. Cargill, J. Heywood, W. R. Wood.
F. Clarke, R. W. Rawson, Dr. W. C.

Tayler.

C. R. Baird, Prof. Ramsay, R. W.
Rawson.

Rev. Dr. Byrth, Rev. R. Luney, R.
W. Rawson.

Rev. R. Luney, G. W. Ormerod, Dr.
W. C. Tayler.

Dr. D. Bullen, Dr. W. Cooke Tayler,

J. Fletcher, J. Heywood, Dr. Laycock.

J. Fletcher, W. Cooke Tayler, LL.D.
J. Fletcher, F. G. P. Neison, Dr. W.

C. Tayler, Rev. T. L. Shapcott.

Rev. W. H. Cox, J. J. Danson, F. G.
P. Neison.

J. Fletcher, Capt. R. Shortrede.

Dr. Finch, Prof. Hancock, F. G. P.
Neison.

Prof. Hancock, J. Fletcher, Dr. J.

Stark.

J. Fletcher, Prof. Hancock.
His Grace the Archbishop of Prof Hancock, Prof Ingram, James

Dublin.
I

MacAdam, Jun.

James Heywood, M.P., F.R.S Edward Chesliire, WiUiam Newmarch.
Thomas Tooke, F.R.S Ie. Cheshire, J. T. Danson, Dr. W. H.

1 Duncan, W. Newmarch.
R. Monckton Milnes, M.P 'J. A. Campbell, E. Cheshire, W. New-

1
march. Prof R. H. Walsh.

Charles Babbage, F.R.S

iSir Charles Lemon, Bart., F.R.S.

Rt. Hon. Lord Sandon

Colonel Sykes, F.R.S
Henry Hallam, F.R.S

Rt. Hon. Lord Sandon, M.P.,
F R S

Lieut.-Col. Syke.s, F.R.S

G. W. Wood, M.P., F.L.S

Sir C. Lemon, Bart., M.P
Lieut.-Col. Sykes, F.R.S., F.L.S.

Rt. Hon. The Earl Fitzwilliam. .

.

G. R. Porter, F.R.S

Travers Twiss, D.C.L., F.R.S. ...

J. H. Vivian, M.P., F.R.S
Rt. Hon. Lord Lyttelton

Very Rev. Dr. John Lee,

V.P.R.S.E.
Sir John P. Boileau, Bart.

SECTION F (continued).—economic science and statistics.

1856. Cheltenham !Rt. Hon. Lord Stanley, M.P. ... Rev. C. H. Bromby,E. Cheshire, Dr.W.
I N. Hancock, W. Newmarch, W. M.
I

Tartt.

1857. Dublin 'His Grace the Archbishop of Prof Cairns, Dr. H. D. Hutton, W.
I

Dublin, M.R.I.A.
|

Newmarch.
1858. Leeds Edward Baines !T. B. Baines, Prof Cairns, S. Brown,

_ Capt. Fishbom-ne, Dr. J. Strang.

1859. Aberdeen ...Col. Sykes, M.P., F.R.S. ..

1860. Oxford iNassau W. Senior, M.A.

1861. Manchester

1862. Cambridge..

1863. Newcastle ...

1864. Bath....

William Newmarch, F.R.S.

Edwin Chadwick, C.B
Wniiam Tite, M.P., F.R.S.

...William Farr, M.D., D.C.L.,

I

F.R.S.

1865. BirminghamRt. Hon. Lord Stanley, LL.D.,

1 M.P.

Prof. Cairns, Edmimd Macrory, A. M.
Smith, Dr. John Strang.

Edmund Macrory, W. Newmarch,
Rev. Prof J. E. T. Rogers.

David Chadwick, Prof R. C. Christie,

E. Macrory, Rev. Prof J. E. T.
Rogers.

. . H. D. Macleod, Edmund Macrory.
T. Doubleday, Edmund Macrory,

Frederick Purdy, James Potts.

E. Macrory, E. T. Payne, F. Purdy.

G. J. D. Goodman, G. J. Johnston,

E. Macrory.
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Date and Place. Presidents. Secretaries.

1866. Nottingham

1867. Dundee

1868. Norwich ...

1869. Exeter

1870. Liverpool..,

1871. Edinburgh
1872. Brighton ..,

1873. Bradford ..,

1874. Belfast

Prof. J. E. T. Kogers

jM. E. Grant Duff, M.P

Satnuel Brown, Pres. Instit. Ac-

t tuaries.

Et. Hon. Sir Stafford H. North-

j

cote, Bart., C.B., M.P.
iProf. W. Stanley Jevons, M.A. .

!Kt. Hon. Lord Neaves
iProf. Henrv Fawcett, M.P
,iRt. Hon. W. E. Forster, M.P...

, Lord O'Hagan

1875. Bristol

1876. Glasgow ..

'James Heywood, M.A., P.E.S.

Pres.S.S.

ISir George Campbell, K.C.S.L

I

M.P.

R. Birkin, Jiin., Prof. Leone Levi, E.

Macrory.
Prof. Leone Levi, E. Macrory, A. J.

Warden.
Eev. W. C. Davie, Prof. Leone Levi.

Edmund Macrory, Frederick Purdy,
Charles T. D. Acland.

Clias. R. Dudley Baxter, E. Macroi-y,

J. Miles Moss.

J. G. Fitch, James Meikle.

J. G. Fitch, Barclay Phillips.

J. G. Fitch, Swire Smith.

Prof. Donnell, Frank P. Fallows,

Hans jMacMordie.

F. P. FeUows, T. G. P. Hallett, E.

Macrory.
A. M'Neel Caird, T. G. P. Hallett,

Dr. W. Neilson Hancock, Dr. W.
Jack.

MECHANICAL SCIENCE.

SECTION G. MECHANICAL .SCIENCE.

1836.

1837.

1838.

1839.

Bristol

Liverpool ...

Newcastle ..
j

Birmingham

1840. Glasgow

Davies Gilbert, D.C.L., F.R.S....

Rev. Dr. Robinson
Charles Babbage, F.R.S
Prof. Wilhs, F.R.S., and Robert

Stephenson.

Sir Jolui Robinson

1841.

1842.

1843.

1844.

1845.

1846,

1847.

1848.

1849.

1850.

1851.

1852.

1853.

1854.

1855.

1856.

1857.

1858.

1859

Plymouth . . .

[

Manchester

.

Cork
York
Cambridge ..

Southampton
Oxford
Swansea
Birmingham
Edinburgh ..

Ipswich
Belfast

John Taylor, F.E.S
Rev. Fr6f. Willis, F.E.S

Prof J. Macneill, M.R.I.A
John Taylor, F.R.S
George Rennie, F.E.S
Eev. Prof. Willis, M.A., F.E.S.

.

Rev. Prof. Walker, M.A., F.R.S.

Rev. Prof. Walker, M.A., F.R.S.

Rev. Dr. Robinson
William Cubitt, F.R.S
John Walker.C.E., LL.D., F.R.S.

Hull

Liverpool ...

Glasgow . .

,

Cheltenham

Dublin

Leeds
. Aberdeen ..

1860. Oxford

T. G. Bunt, G. T. Clark, W. West.
Charles Vignoles, Thomas Webster.
R. Hawthorn, C. Vignoles, T. Webster.

W. Carpmael, William Hawkes, Tho-
mas Webster.

J. Scott Russell, J. Thomson, J. Tod,
C. Vignoles.

Henry Chatfield, Thomas Webster.
J. F. Bateman, J. Scott Russell, J.

Thomson, Charles Vignoles.

James Thomson, Robert Mallet.

Charles Vignoles, Thomas Webster.
Rev. W. T. Kingsley.

William Betts, jun., Cliarles Manby.
J. Glynn, R. A. Le Mesurier.

R. A. Le Mesm-ier, W. P. Struve.

Robert Stephenson, M.P., F.R.S.jCharles Manby, W. P. Marshall.

William Fairbairn, C.E., F.E.S..

John Scott Eusscll, F.E.S

W. J. Macquorn Eankine, C.E..

F.E.S.

George Eennie, F.E.S

Dr. Lees, David Stephen.=;oii.

John Head, Cliarles Manby.
John F. Bateman, C. B. Hancock,

Charles Manby, James Thomson.
James Oldham, J.Thomson, W. Sykes
Ward.

John Grantham, J. Oldham, J. Thom-
son.

L. Hill, Jvm., William Ramsay, J.

Thomson.
C. Athcrton, B. Jones, jun., H. M.

I

Jeffery.

The Eight Hon. The Earl of|Prof. Downing, W. T. Doyne, A. Tate,
Rossc, F.R.S.

I

James Thomson, Henry Wright.
William Fairbairn. F.R.S 'J. C. Dennis, J. Dixon, H. Wright.
Rev. Prof. WiUis, M.A., F.E.S. .IE. Abcrnethy, P. Le Neve Foster, H.

j
Wright.

Prof. W. J. Macquorn Eankine, P. Le Neve Foster, Rev. F. Harrison
,

LL.D., F.E.S.
1

Henry Wriglit.
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Date and Place.

18(31. Manchester .

1862. Cambridge ..

1863. Newcastle...

1864. Bath
1865. Birmingham

1866. Nottingham

1867. Dundee

1868. Norwich ...

1869. Exeter

1870. Liverpool . .

.

1871. Edinburgh

1872. Brighton ..,

L873. Bradford..

Presidents. Soeretanes.

1874. Belfost ..

1875. Bristol..

1876. Glasgow

J. F. Bateman, C.E., RE.S P. Le Neve Foster, John Eobinson, H.
j

Wright.
William Fairbairn, LL.D.,F.E.S. W. M. Fawcett, P. Le Neve Foster.

Rev. Prof. Willis, M.A., F.R.S. . T. Le Neve Foster, P. Wcstmacott, J.

i F. Spencer.

J. Hawkshaw, F.E.S jP. Le Neve Foster, Eobcrt Pitt.

Sir W. G. Armstrong, LL.D.,!p. Le Neve Foster, Henry Lea, W. P.

F.E.S.
I

Marshall, Walter May.
Thomas Hawksley, V.P.Last.'p. Le Neve Foster, J, "F. Iselin, M.

C.E., F.G.S.
1

A. Tarbottom.
Prof. W. J. Macquorn Eankine, P. Le Neve Foster, John P. Smith,

LL.D., F.E.S.

G. P. Bidder, C.E., P.E.G.S.
W. W. Urquhart.

P. Le Neve Foster, J. F. Iselin, C.

Mauby, W. Smith.

C. W. Siemens, F.E.S P. Le Neve Foster, H. Baucrman.
Chas. B. Yignoles, C.E., F.E.S. .'H. Bauerman, P. Le Neve Foster, T.

I

King, J. N. Shoolbred.

Prof. Fleeming Jenkin, F.E.S.. ..|II. Bauerman, Alexander Leslie, J. P,

Smith.

H. M. Brunei, P. Le Neve Foster,

J. G. Gamble, J. N. Shoolbred.

Crawford Barlow, H. Bauerman, E.
H. Carbult, J. C. Hawkshaw, J. N.
Shoolbred.

A. T. Atchison, J. N. Shoolbred, Johu
Smyth, jun.

W. E. Browne, H. M. Brunei, J. G.
Gamble, J. N. Shoolbred.

W. Bottomley, jun., W. J. Jlillar, J.

N. Shoolbred, J. P. Smith.

F. J. Bramwell, C.E

W. H. Barlow, F.E.S

Prof. James Thomson, LL.D.
C.E., F.E.S.E.

W. Froude, C.E., M.A., F.E.S...

C. W. Merrifield, F.E.S

List of Evening Lectures.

Date and Place.
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Date and Place.
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Date and Place. Lecturer, Subject of Discourse.

1867. Dundee.

1868. Norwich ...,

1869. Exeter

1870. Liverpool ...

1871. Edinburgh

1872. Brigliton ...

1873. Bradford

1874. Belfast...

1875. Bristol

1876. Glasgow ..

Archibald Geikie, F.E.S

Alexander Herschel, F.E.A.S

J. Fergusson, F.R.S

Dr. W. Odling, F.E.S
Prof. J. Phillips, LL.D., F.E.S.

J. Norman Lockyer, F.E.S

Prof. J. Tyndall, LL.D., F.E.S.

Prof. W. J. Macquorn Eankine,
LL.D., F.E.S.

F. A. Abel, F.E.S

E. B. Tylor, F.E.S

Prof. P. Martin Duncan, M.D.,
FES

Prof. W. K.CliiTord

Prof. W. C. Williamson, F.E.S.

Prof. Clerk Maxwell, F.E.S
Sir John Lubbock, Bart., M.P.,
FES

Prof. Huxley, F.E.S

William Spottiswoode, LL.D.,
F.E.S.

F. J. Bramwell, F.E.S
Prof. Tait, F.E.S.E

j

i
Sir Wyville Thomson, F.E.S. ...

The Geological origin of the present

Scenery of Scotland.

The present state of knowledge re-

garding Meteors and Meteorites.

Archaiology of tlie early Buddhist
Monuments.

Eeverse Chemical Actions.

Vesuvius.

Tlie Physical Constitution of the

Stars and Nebula?.

The Scientific Use of the Imagination.
Stream-lines and Weaves, in connexion

witli Naval Architecture.

Some recent investigations and appli-

cations of Explosive Agents.

The Eelation of Primitive to Modern
Civilization.

Insect Metamorphosis.

The Aims and Instruments of Scien-

tific Thought.
Coal and Coal Plants.

Molecules.

Common Wild Flowers considered in

relation to Insects.

The Hypothesis tliat Animals are

Automata, and its History.

The Colours of Polarized Light.

Eailway Safety Appliances.

Force.

The ' Challenger ' Expedition.

Lectures to the Operative Classes.

1867. Dundee..
1868. Norwich
1869. Exeter ..

1870. Liverpool

,

1872. Brighton

1873. Bradford
1874. Belfast...

1875. Bristol...

1876. Glasgow

Prof. J. Tyndall, LL.D., F.E.S.

Prof. Huxley, LL.D., F.E.S. ...

Prof. Miller, M.D., F.E.S

Sir John Lubbock, Bart., M.P.,
F.E.S.

William Spottiswoode, LL.D.,
RES

C. W.' Siemens, D.C.L., F.E.S...

Profe.s3or Odling, F.R.S
Dr. W. B. Carpenter, F.E.S. ...

Commander Cameron, O.B.,E-N.

Matter and Force.

A piece of Chalk.

Experimental illustrations of the

modes of detecting the Composi-
tion of the Sun and other Heavenly
Bodies by the Spectrum.

Savages.

Sunshine, Sea, and Sky.

Fuel.

The Discovery of Oxygen.
A piece of Limestone.

A Journey through Afiica.
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Table showing the Attendance and Receipts

Date of Meeting.
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ut Annual Meetings of the Association.

Attended by
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OFFICERS OP SECTIONAL COMMITTEES. xlvii

OFFICEES OF SECTIONAL COMMITTEES PRESENT AT THE
GLASGOW MEETING.

SECTION A. MATHEMATICS AND PnYSICS.

iVmWewl—Professor Sir William Thomson, M.A.,LL.D.,D.C.L., F.R.S., F.R.S.E.

Vice-Presidents.—Professor Blackbuiai, M.A. ; Professor Cremona ; Professor

Grant, M.A., LL.D., F.R.S., F.R.A.S. ; Rev. Professor Haugliton, M.A., F.R.S.

;

Professor A. S. Herschel, B.A., F.R.A.S.; Dr. J. Janssen; Rev. Dr. Lloyd,

F.R.S. ; Professor Clerk Maxwell, F.R.S. ; Professor G. G. Stokes, Sec.R.S.

;

Professor P. G. Tait, F.R.S.E. ; Professor Wiillner.

-Secretaries.—Professor W. F. Barrett, F.R.S.E., M.R.I.A., F.O.S. ; J. T. Bottom-
ley, M.A., F.R.S.E., F.C.S. ; Professor G. Forbes, B.A., F.R.S.E. ; J. W. L.

Glaisher, M.A., F.R.S., F.R.A.S. ; Thomas Miiir, M.A., F.R.S.E.

SECTION B. CHEMISTRY AND MINERALOGY, INCLrDrPTG THEIR APPLICATIONS TO

ACtRICTJLTUEE and THE ARTS.

President.—W. II. Perkiu, F.R.S., Secretary of the Chemical Society.

Vice-Presidents.—Professor T. Andrews, M.D., F.R.S. ; Professor Criim Brown,
M.D., F.R.S.E. ; W. Crookes, F.R.S. ; Professor J. Ferguson, M.A. ; Professor

G. C. Foster, F.R.S. ; Dr. Gilbert, F.R.S. ; Professor J. H. Gladstone, F.R.S.

;

Professor Edmund J. Mills, D.Sc., F.R.S. ; Professor A. W. Williamson, F.R.S.

;

James Young, F.R.S.

Secretaries.—V*\ Dittmar; W. Chandler Roberts, F.R.S.; John M. Thomson,
F.C.S. ; ^y. A. Tilden, D.Sc.

SECTION C. GEOLOGY.

President.—ProiesRov John Young, M.D.
Vice-Presidents.—B.ia Grace the Duke of Argyll, K.T., LL.D., F.R.S. ; Professor

A. Geikie, LL.D., F.R.S. ; Professor E. Hull, F.R.S. ; J. Gwvn Jeffreys,

LL.D., F.R.S. ; W. Pengellv, F.R.S. ; Rev. T. Wiltshire, M.A., F.G.S.

Secretaries.—JSLS. Armstrong; F. W. Rudler, F.G.S. ; W. Topley, F.G.S.

SECTION D.- BIOLOGY.

President—A. Russel Wallace, F.L.S., F.R.G.S.

Vice-Presidents.—ProhssorBaMowc, M.D., F.R.S.; G. Bentham, F.R.S.; Professor

A. Buchanan, M.D. ; Professor Clelaud, M.D., F.R.S.; Dr. Ferdinand Cohn;
Professor Dickson, M.D., F.L.S. ; Professor Grube ; Professor Haeckel; Dr.

Hooker, P.R.S. ; Dr. M'Kendrick, F.R.S.E.; Professor Morreu ; Professor

Newton, F.R.S. ; Dr. Redferu ; Dr. Allen Thomson, F.R.S.
; Sir Wyville Thom-

son, F.R.S. ; Rev. Csnon Tristram, F.R.S. ; Professor W. C. Williamson, F.R.S.

Secretaries.—E. R. Alston, F.Z.S. ; Hyde Clarke; Dr. Knox, M.A; Professor W.
R. M'Nab, M.D. ; Dr. Muirhead ; Professor Morrison Watson.

SECTION E. GEOGRAPHY AND ETHNOLOGY.

President.—Captain Evans, C.B., F.R.S., Hydrographer to the Admiralty.

Vice-Presidents.—General Sir James E. Alexander, K.C.B., F.R.G.S. ; Sir T. E.

Oolebrooke, Bart., M.P. ; Captain Douglas Galton, C.B., F.R.S. ; A. Kinnaird,

M.P. ; Chevalier Cristoforo Negri; Col. R. L. Playfair; Commander E. IL
Verney. R.N.

Secretaries.—U. W. Bates, F.L.S., Assist. Sec. R.G.S. ; E. C. Rve, F.Z.S., Librarian

R.G.S. ; R. Oliphant Wood.

SECTION F. ECONOMIC SCIENCE AND STATISTICS.

President.—Siv George Campbell, K.C.S.I., D.C.L., M.P., F.R.G.S.

Vice-Presidents.—G. Anderson, M.P. ; Principal Caird, D.D. : Charles Cameron,
LL.D., M.P. ; J. G. Fitch, M.A. ; J. Grieve, M.P. ; G. W. Hastings ; J. Hey-
wood, F.R.S. ; Judge Longfield ; Lord O'Hagan ; The Lord Provost of Glasgow

;

Sir James Watson.
Secretaries.—A. M'Neel Caird ; T. G. P. Ilallett, M.A. ; W. Neilson Hancock,

LL.D., M.R.I.A. ; W. Jack, M.A,, LL.D.
SECTION G.—MECHANICAL SCIENCE.

President—C. W. Merrifield, F.R.S.

Vice-Presidents.—C. Bergeron; F. J. Bramwell, F.R.S.; W. Froude,M.A., C.E.,

F.R.S.; Sir John Hawkshaw, F.R.S.; C. W. Siemens, D.C.L., F.R.S.; Thomas
Stevenson; Professor James Thomson, M.A., LL.D., F.R.S.E.

^cretor/es.—W. Bottomlev,jmi.; W. J. Millar; J. N. Shoolbred, O.E., F.G.S.
J

J. P. Smith, C.E.



OFFICERS AND COUNCIL, 1876-77.

PRESIDENT.
PEOFESSOE THOMAS ANDEEWS, M.D., LL.D., F.E.S., Hon. F.E.8.E.

VICE-PRESIDENTS.
His Grace the Duke of Argyll, K.T
F.E.8.L. & E., F.G.S.

The Lord Peovost of Glasgow.
Sir William Stirling Maxwell, Bart., K.T.,

M.A., M.P.

LL.D.,
I

Professor Sir William Thom.son, M.A., LL.D.,
D.C.L., F.E.S.L. & E.

Professor Allek THOMSON, M.D., LL.D., F.E.8.L.

Professor A. C. Eamsay, LL.D., F.E.S., F.G.S.
James Young, Esq., F.E.S., F.C.8.

PRESIDENT ELECT.

PEOFESSOE ALLEN THOMSON, M.D., LL.D., F.E.S.L. & E.

VICE-PRESIDENTS ELECT.
The Eight Hon. the Earl of Mount-Edgcumbe. William Froude, Esq., M.A., C.E., F.B.8.

The Eight Hon. Lord Blachford, K.C.M.G.
" "— " " " " "^°

William Spottiswoode, Esq., M.A., LL.D.,
r.E.S., F.E.A.8., F.E.G.S.

Charles Spence Bate, Esq., F.B.S., P.L.S.

LOCAL SECRETARIES FOR THE MEETING AT PLYMOUTH.
William Adams, Esq. I Hamilton Wjiiteford, Esq.
William Square, Esq.

|

LOCAL TREASURER FOR THE MEETING AT PLYMOUTH.
Fra>-cis Hicks, Esq.

ORDINARY MEMBERS OF THE COUNCIL.
Abel, F. A., Esq., F.E.S.
Alcock, Sir Eutiierfoed, K.C.B.
Bramwell, F. J., Esq., C.E., F.E.S.
Cayley, Professor, F.E.S.
De La Eue, Warrex, Esq., D.C.L., F.E.8.
Evans, J., Esq., F.E.S.
Farr, Dr. W., F.E.S.
Flower, Professor W. H., F.E.S.
Froude, W., Esq., F.E.S.
Gassiot, J. P., Esq., D.C.L., LL.D., F.E.S.
Heywood, J., Esq., F.E.S.
Houghton, Et. Hon. Lord, F.E.S.

Jeffreys, J. Gwy'N, Esq., F.E.S.
Maskelyne, Prof. M". S., M.A., F.E.S.
Maxwell, Professor J. Clerk, F.E.S.
Merrifikld, C. W., Esq., F.E.S.
Newton, Professor A., F.E.S.
Ommakney, Admiral E., C.B., F.E.S.
Pengelly, W., Esq., F.E.S.
Prestwich, Professor J., F.E.S.
Eoileston, Professor G., M.A., F.E.S.
EoscoE, Professor H. E., Ph.D., F.E.S.
EUSSELL, Dr. W. J., F.E.S.
Smith, Professor U. J. S., F.E.S.

HUGGINS, W., Esq., F.E.S.

GENERAL SECRETARIES.
Capt. Douglas G alton, C.B., D.C.L., F.E.S. , F.G.S., 12 Chester Street, Grosvenor Place, London, S.W.
Philip Lutley Sci.ater, Esq., M.A., Ph.D., F.E.S., F.L.S., 11 Hanover Squ.arc, London, W.

ASSISTANT GENERAL SECRETARY.
George Griffith, Esq., M.A., F.C.S., Harrow-on-the-hill, Middlesex.

GENERAL TREASURER.
Professor A. W. Williamson, Ph.D., F.E.S., F.C.S., Umvcrsily College, London, W.C.

EX-OFFICIO MEMBERS OF THE COUNCIL.
The Trustees, the President and President Elect, the Presidents of former years, the Vice-Presidents and
Vice-Presidents Elect, the General and Assistant General Secretaries for the present and former years,
the General Treasurers for the xiresent and former years, and the Local Treasurer and Secretaries for the
ensuing Meeting.

TEUSTEES (PEEMANENT).
General Sir Edward Saeine, K.C.B.. E.A., D.Cj:,., F.E.S.
Sir Philip de M. Grey Egerton, Bart., M.P., F.E.S., F.G.S.
Sir John Lubbock, Bart., M.P., F.E.S., F.L.S.

PRESIDENTS OF FOEMEE TEARS.
The Duke of Devonshire.
The Eev. T. E. Eobinson, D.D.
Sir G. B. Airy, Astronomer Eoyal.
General Sir E. Sabine, K.C.B."
The Earl of Harrowby.
The Duke of Argyll.
The Eev. H. Lloyd, D.D.

1 Eichard Owen, M.D., D.C.L.
Sir W. G. Armstrong, C.B., LL.D.
Sir William E. Grove, F.E.S.
The Duke of BuccIeueh.K.G.
Dr. Joseph D. Hooker, D.C.L.
Professor Stokes, M.A., D.C.L.

Prof. Huxley, LL.D., Sec.E.8.
Prof. Sir W. Thomson, D.C.L.
Dr. Carpenter, F.E.S.
Prof Williamson, Ph.D., F.E.S.
Prof. Tyndall, D.C.L., F.E.S.
Sir John Hawkshaw, C.E., F.E.S.

F. Galton, Esq., F.E.S.
Dr. T. A. Hirst, F.E.S.

GENEEAL OFPICEES OF FOEMER TEARS.

I

Gen. Sir E. Sabine, K.C.B., F.E.S. I Dr. T. Thomson, F.E.S.

I
W. Spottiswoode, Esq., F.E.S. | Dr. Michael Foster, F.E.S.

Pi-ofessii- G. C. Foster, F.R.S.

AUDITORS.
W. Spottiswoode, Esq., F.E.S. Major-Genoral Strachey, F.E.S.



REPORT OF THE COUNCIL. xlix

Report of the Council for the Year 1875-76, presented to the General

Committee at Glasgow on Wednesday, September 6th, 187G.

The Council have much regret in announcing that Sir Robert Chriatison,

"who was elected President for the Glasgow Meeting, informed the Council in

the course of last winter that he felt himself unable to preside, in conse-

quence of the state of his health. Under these circumstances the Council
selected Dr. Andrews, of Belfast, for nomination for the office of President

;

and the first business of the General Committee of the Association will be to

confirm this nomination. The Council also recommend that Mr. J. Young,
P.R.S., be elected a Vice-President of the Association.

The Council hare received Reports during the past year from the General
Treasurer, and his Accounts for the year will be laid before the General Com-
mittee this day.

The General Committee at Bristol referi'ed the following four Resolutions

to the Council for their consideration, and they beg to report their action

thereon in each case :

—

First Resolution.—" That the Council be requested to consider the re-

commendations of the Reports of the Royal Commission on Scientific

Instruction and the Advancement of Science, and to take such action

thereupon as may seem to them best calculated to advance the inte-

rests of Natural Science."

The Council having considered this Resolution, waited as a deputation
upon the Lord President of the Council and upon the Secretary of State for

the Home Department, and urged upon the Government the opinion of the

Association that it is of the highest importance to the welfare of this country

that the Government should without delay give systematic material aid to the

development of the higher Scientific Education, in the spirit of the Fifth and
Eighth Reports of the Royal Commission on Scientific Instruction and the

Advancement of Science ; and the Council further urged upon the Govern-
ment that, in the selection of Members of the proposed University Commis-
sion, Science should be duly represented. The Government promised to give

due consideration to tlie representations of the British Association ; and they
have increased the amount of the Grant to the Royal Society for aiding

fScientific Investigation.

Second Resolution.—" That the Council be requested to take such steps

as they think suitable for renewing their representations to the

Secretary of State for India, as to the importance of establishing an
Observatory for Solar Physics in India, in conformity with the recom-
mendations of the Royal Commissioners on Scientific Instruction and
the Advancement of Science."

The Council having learned that steps were being taken in India in refer-

ence to this matter, deemed it advisable to defer any action for tlie present.

1876. d
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Tliird Resolution.—" That the Council ho requested to consider and
report upon the manner in which the Memhers of Committees and
other Officers of the Association shall be selected, and whether Ladies

shall be admitted to such offices, and if so, to what offices, and under
what conditions."

Upon this Resolution the CouncU have come to the following conclusion,
viz. :

—

That it does not appear to have been the practice of the British

Association to elect Ladies as Officers of the Association, or to

place them upon the General.or Sectional Committees ; and they
are of opinion that no case has been made out for altering the

practice hitherto in force.

Fourth Resolution.—" That the Council be requested to take into cou-
sideratiou the expediency of appointing Representatives to attend the

Liternational Statistical Congress to be held at Buda-Pesth in 1876."

The Council have not taken any action on this Resolution.
The Council regret to have to announce that Dr. Michael Poster, M.A.,

F.R.S., is unable to continue to act as one of the General Secretaries of the
Association. They cannot refrain from expressing their regret at the loss of
his valuable services.

The Council have agreed to recommend that Mr. Philip Lutley Sclater,

r.R.S., be appointed one of the General Secretaries in his place. Mr. Sclater's
name will be proposed to the General Committee at the Meeting for the
Election of the Council and Officers on Monday next.

The Council have added to the List of the Corresponding Members of the
Association the names of the following gentlemen present at the last Meeting
of the Association, viz. :

—

Dr. ITachtigal.

Dr. Oppenheim.
Dr. E. L. Youmans.

The Council have been informed that invitations for the Meeting to be held
in 1878, or following years, wiU be presented from Leeds and Dublin.

The following are the names of Members of Council for the past year who,
in accordance with the regulations, are not eligible for re-election this year,

y\T. :

—

Mr. Bateman.
Professor G. C. Foster.

Mr. Lockyer.

The Council recommend the re-election of the other ordinary Members of
Council, with the addition of the gentlemen whose names are distingiiished

by an asterisk in the following list :

—

Right Hon. Lyon Playfair.

Dr. C. W. Siemens.

Abel, F. A., Esq., F.R.S.
*Alcock, Sir Rutherford, K.C.B.
BramweU, F. J., Esq., C.E., F.R.S.

*Cayley, Professor, F.R.S.
De La Rue, Warren, Esq., D.C.L.,

F.R.S.

Evans, J., Esq., F.R.S.
Farr, Dr. W., F.R:S.

Flower, Professor W. H., F.R.S,

*Froude, W., Esq., F.R.S.

Gassiot, J. P., Esq., D.C.L., LL.D.,

F.R.S.

Heywood, J., Esq., F.R.S.

*Houghton, Lord, F.R.S.

*Huggins, W., Esq., F.R.S.

Jeffreys, J. Gwyn, Esq., F.R.S.

Maskelj-ne, Prof. N. S.,M.A., F.R.S.

Maxwell Professor J. Clerk, F.R.S.-



RECOMMENDATIONS OF THE GENERAL COMMITTEE. ll

Merriiield, C. W., Esq., F.R.S. I RoUeston, Professor G., M.A., F.R.S.

K'ewton, Professor A., F.E.S. Roscoe, Professor H. E., Ph.D.,

Ommanney, Admiral E., C'.B.,F.rv.S.l F.R.S.

Pengelly, W., Esq., E.R.S. i Russell, Dr. W. J., F.R.S.

Prestwich, Professor J., F.R.S. ^ Smith, Professor H. J. S., F.R.S.

Recommendations adopted by the Geneeal Committee at the Glasgow

Meeting in September 1876.

[When Committees ai'e appointed, the Member first named is regarded as the Secretary,

except there is a specific nomination.]

Involving Grants of Money.

That the Committee on Underground Temperature, consistiDg of Professor

Everett, Professor Sir "W. Thomson, Professor J. Clerk Maxwell, Mr. G. J.

Sj-mons, Professor Ramsaj% Professor Gcikie, Mr. J. Glaisher, Mr. Pengelly,

Professor Edward Hull, Professor Ansted, Dr. Clement Le Keve Foster,

Professor A. S. Herschel, Mr. G. A. Lebour, Mr. A. B. Wynne, Mr. Galloway,

and Mr. Joseph Dickinson, be reappointed ; that Professor Everett be the

Seeretary, and that the sum of £50 be placed at their disposal.

That the Committee, consisting of Professor Stokes, Dr. De La Rue, Pro-

fessor Clerk Maxwell, Professor W. F. Barrett, Mr. Howard Grubb, Mr. G.

Johnstone Stoney, and Professor R. S. Ball, for examining and reporting

upon the reflective powers of silver, gold, and platinum, whether in mass

or chemically deposited on glass, and of speculum metal, be reappointed;

and that the grant of X20 which has lapsed be renewed.

That Professor Sir William Thomson, Professor Tait, Professor Grant,

Dr. Siemens, and Professor Purser be appointed a Committee to undertake

experiments for the Measurement of the Lunar Disturbance of Gravity ; and

that the sura of £50 bo placed at their disposal for the purpose.

That the Committee on Thermo-Electricity, consisting of Professor Tait,

Professor Tyndall, and Professor Balfour Stewart, be reappointed ; and that

the grant of £50 which has lapsed be renewed.

That the Committee, consisting of Professor Cayley, Professor G. G. Stokes,

Professor H. J. S. Smith, Professor Sir W. Thomson, and Mr. J. W_. L.

Glaisher (Secretary), be reappointed ; that the tables of the EUiptic Functions

be completed and published ; that the sum of =£250 be placed at the disposal

of the Committee for the purpose ; and that it be referred to the Council to

settle the details of publication.

That the Committee, consisting of Dr. Joule, Professor Sir W. Thomson,

Professor Tait, Professor Balfour Stewart, and Professor J. Clerk Maxwell,

for effecting the determination of the Mechanical Equivalent of Heat, be

reappointed; and that the sum of £100 be placed at their disposal for the

purpose.

That the Committee on Luminous Meteors, consisting of Mr. James Glaisher,

Mr. R. P. Greg, Mr. Charles Brooke, Dr. Flight, Professor G. Forbes, and

Professor A. S. Herschel, be reappointed ; that Professor Herschel be the

Secretary, and that the sum of £30 be placed at their disposal.

(12
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That Professor G. Forbes and Professor Sir W. Thomsou be a Committee

for tbe purpose of endeavouring to make arrangements for the taking of

certain observations of Atmospheric Electricity in India ; that Professor G.

Forbes be the Secretary, and that the sum of .£15 be placed at their disposal

for the purpose.

That the Committee for investigating the methods employed in the esti-

mation of Potash and Phosphoric Acid in commercial products be reappointed ;

also that Mr. E. "W. Parnell and Mr. Ogilvic be added to the Committee;

that Mr. Allen be the Secretary, and that the sum of .£20 be placed at their

disposal for the purpose.

That Dr. AVilliam Wallace, Professor Dittmar, and Mr. Thomas Wills be

a Committee for the purpose of reporting on the best means for the develop-

ment of Light from Coal-gas of different qualities ; that Dr. Wallace be the

Secretary, and that the sum of .£20 be placed at their disposal for the

purpose.

That the Committee, consisting of Dr. F. Clowes and Dr. W. A. Tildcn,

for the purpose of examining the Action of Ethylbromo-butyrate on Ethyl

Sod-aeeto-acetate, be reappointed ; that Dr. Clowes be the Secretary, and that

the sum of £10 be placed at their disposal for the purpose.

That the Committee, consisting of Dr. Armstrong, Professor Thorpe, and

Mr. W. W. Fisher, for the purpose of investigating the Isomeric Cresols and

the Law of Substitution in the Phenol Series, be reappointed ; that Dr.

Armstrong be the Secretary, and that the sum of £10 be placed at their dis-

posal for the purpose.

That Mr. W. N. Hartley, Mr. J. M. Thomson, and Mr. W. Chandler

Eoberts bo a Committee for the purpose of investigating the Constitution of

Double Compounds of Cobalt and Nickel ; that Mr. J. M. Thomson be the

Secretary, and that the sum of .£10 be placed at their disposal for the purpose.

That Dr. Crum-Brown, and Messrs. Dewar, Dittmar, and Dixon be a Com-
mittee for the purpose of investigating some methods that have been recently

proposed for the Quantitative Estimation of Atmospheric Ozone ; that Mr.

E. M. Dixon be the Secretary, and that the sum of ^15 bo placed at their

disposal for the purpose.

That Mr. W. N. Hartley, Dr. E. J. Mills, and Mr. W. Chandler Eoberts be

a Committee for the purpose of investigating the conditions under which
liquid Carbonic Acid occurs in Minerals ; that Mr. W. N. Hartley be the

Secretary, and that the sum of £20 be placed at their disposal for the

purpose.

That Mr. J. Evans, Sir J. Lubbock, Bart., Mr. E. Vivian, Mr. W. Pen-
gelly, Mr. G. Busk, Professor W. Boyd Dawkins, Mr. W. Ayshford Sandford,

and Mr. J. E. Lee be a Committee for the purj^ose of continuing the ex-
ploration of Kent's Cavern, Torquay ; that Mr. Pengelly be the Secretary,

and that the sum of £100 be placed at their disposal for the purpose.

That Sir John Lubbock, Bart., Professor Prestwich, Professor Busk, Pro-
fessor Hughes, Professor W. Boyd Dawkins, Rev. H. W. Crosskey, Messrs.

L. C. Miall and R. H. Tiddeman be reappointed a Committee for the pur-
pose of assisting in the exploration of the Victoria Cave ; that Mr. Tiddeman
be the Secretary, and that the sum of £100 be placed at their disposal for

the purpose.

That Mr. J. Evans, Rev. T. G, Bonney, Professors A. H. Green and H. A.
Nicholson, Messsrs. W. Carruthers, F. Drew, R. Etheridge, Jun., G. A.
Lebour, L. C. MiaU, F. W. Rudler, E. B. Tawney, W. Topley, and W.
Whitaker be a Committee for the purpose of carrying on the Geological
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Record ; that Mr. Whitaker be the Secretary, and that the sum of .£100 be

placed at their disposal for the purpose.

That Professor Hull, Mr. E. W. Binney, Mr. H. Howell, Mr. M. Eeade,

EcY. H. W. Crosskey, Professor A. H. Green, Professor Harkness, Mr. W.
Molyneux, Mr. G. H. Morton, Mr. Pengelly, Professor Prestwich, Mr. J.

Plant, Mr. W. Whitaker, Captain D. Galton, and Mr. De Eance be a

a Committee for the purpose of investigatingj the circulation of the under-

ground waters in the New Red Sandstone and Permian formations of

England, and the quantity and character of the water supplied to various

towns and districts from those formations ; that Mr. C. E. De Ranee be the

Secretary, and that the sum of .£10 be placed at their disposal for the pur-

pose.

That Professor A. S. Herschel and Mr. G. A. Lebour be a Committee

for the purpose of making experiments on the Thermal Conductivities of

certain rocks ; that Professor Herschel be the Secretary, and that the sum
of JIO be placed at their disposal for the purpose.

That Dr. Bryce, Mr. J. Brough, Mr. G. Forbes, Mr. D. Milne-Home, Mr.

J. Thomson, Professor Sir "W. Thomson, and Mr. Peter Drummond be a

Committee for the purpose of continuing the Observations and Records of

Earthquakes in Scotland ; that Dr. Bryce be the Secretary, and that the sum
of £10 be placed at their disposal for the purpose.

That Mr. W. Topley, Mr. H. Willett, Mr. R. A. C. Godwin-Austen, Mr.

Davidson, Prof. Prestwich, Prof. W. Boyd Dawkins, Mr. H. Woodward, and

Prof. Hull bo a Committee for the purpose of promoting the Sub-Wcalden

Exploration ; that Mr. Willett and Mr. Topley be the Secretaries, and that

the sum of £100 be placed at their disposal for the purpose.

That Professor Arthur Gamgee, Professor Roscoe, and Mr. Priestley be a

Committee for the purpose of investigating the Physiological Action of Ortho-,

Pyro-, and Metaphosphorie Acids and of allied compounds ; that Professor

Gamgee be the Secretary, and that the sum of £15 be j)laced at their disposal

for the purpose.

That Dr. Hooker, Professor Oliver, and Mr. Dyer be a Committee for the

purpose of preparing a Report on the Family of the Diptorocarpese ; that Mr.

Dyer be the Secretary, and that the sum of £20 be placed at their disposal

for the purpose.

That Mr. Stainton, Sir John Lubbock, and Mr. Sclater be a Committee

for the purpose of continuing a Record of Zoological Literature ; that Mr.

Stainton be the Secretary, and that the sum of £100 be placed at their dis-

posal for the purpose.

That Professor Huxley, Dr. Carpenter, Mr. Sclater, Mr. F. M. Balfour,

Dr. M. Foster, Professor Ray Lankester, and Mr. Dew-Smith be reappointed

a Committee for the purpose of arranging with Dr. Dohrn for the occupation

of a Table at the Zoological Station at Naples during the ensuing year

;

that Mr. Dew- Smith be the Secretary, and that the sum of £75 be placed at

their disposal for the purpose.

That Colonel Lane Fox, Dr. Beddoe, Mr. Franks, Mr. F. Galton, Mr. E.

W. Brabrook, Sir J. Lubbock, Sir W. Elliot, Mr. C. R. Markham, Mr. E. B.

Tylor, Mr. J. Evans, and Mr. F. W. Rudler be reappointed a Committee for

the pm-pose of preparing and publishing brief forms of instruction for tra-

vellers, ethnologists, and other anthropological observers ; that Colonel Lane

Fox be the Secretary, and that the sum of £25 be placed at their disposal for

the purpose.

That Colonel Lane Fox, Professor RoUeston, Mr. Park Harrison, Mr. T.
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H. Price, and Mr. J. E. Mortimer be a Committee for the purpose of the

Exploration of Ancient Earthworks and other Prehistoric Remains ; that

Colonel Lane Fox be the Secretary, and that the unexpended balance of £25
be placed at theii" disposal for the purpose.

That Dr. Earr, Dr. Beddoe, Mr. Brabrook, Sir George Campbell, the Earl of

Ducie, Mr. E. P. Eellows, Colonel Lane Eox, Mr. E. Galton, Mr. Park Harri-

son, Mr. J. Hcywood, Mr. P. Hallett, Professor Leone Levi, Sir Rawson Raw-
son, and Professor RoUeston be a Committee for the purpose of continuing

the collection of observations on the Systematic Examination of Heights,

"Weights, &c. of Human beings in the British Empire, and the publication of

Photographs of the typical races of the Empire ; that Colonel Lane Eox be

the Secretary, and that the sum of £100 be placed at their disposal for the

purpose.

That the Right Hon. J. G. Hubbard, M.P., Mr. Chadwick, M.P., Mr.
Morlej, M.P., Dr. Earr, Sir George Campbell, M.P., Mr. Hallett, Professor

Jevons, Mr. Newmarch, Mr. Shaen, and Mr. Macneel Caird (with power to

add to their number) be continued as a Committee for the purpose of

further developing the investigations into a Common Measure of Value in

Direct Taxation ; that Mr. Hallett be the Secretary, and that the sum of

£10 be placed at their disposal for the purpose of defraying expenses incurred

and to be incurred in the inquiry.

That the Committee on instruments for measuring the speed of ships be
reappointed ; that it consist of the following Members :—Mr. W. Froude, Mr.
E. J. Bramwell, Mr. A. E. Fletcher, Rev. E. L. Berthon, Mr. James R. Napier,

Mr. C. W. Mcrrifield, Dr. C. W. Siemens, Mr. H. M. Brunei, Mr. W. Smith,
Sir William Thomson, Mr. J. N. Shoolbrcd, and Professor James Thomson

;

that Mr. J. N. Shoolbrcd be the Secretary, and that the sum of £50 be placed

at their disposal for the purpose.

That Professor Sir W. Thomson, Professor Clerk Maxwell, Professor Tait,

Dr. C. W. Siemens, Mr. F. J. Bramwell, Mr. W. Eroude, and Mr. J. T.

Bottomley be a Committee for the pm-pose of commencing secular experi-

ments on the Elasticity of Wires ; that Mr. Bottomley bo the Secretary, and
that the sum of £100 be placed at their disposal for the purpose.

Applications for Reports and Researches not involving Grants of
Money.

That the Committee, consisting of Professor Cayley, Mr. J. W. L. Glaisher,
Dr. W. Pole, Mr. C. W. Merrifield, Professor EuUer, Mr. H. M. Brunei, and
Professor W. K. Clifford, be reappointed to estimate the cost of constructing
Mr. Babbage's Analytical Engine, and to consider the advisability of printing
tables by its means ; and that Professor W. K. Clifford be the Secretary.

That Dr. W. Huggins, Mr. J. jS". Lockyer, Professor J. Emerson Reynolds,
Mr. G. J. Stoney, Mr. Spottiswoode, Dr. Do La Rue, and Dr. W. M. Watts
be a Committee for the purpose of preparing and printing Tables of Wave-
frequency (Inverse Wave-lengths); and that Mr. G. J. Stoney be the
Secretary.

That the Committee, consisting of Professor Sylvester, Professor Cayley,
Professor Hirst, Professor Bartholomew Price, Professor H. J. S. Smith,
Dr. Spottiswoode, Mr. R. B. Hayward, Dr. Salmon, Professor R. Townsend,
Professor Fuller, Professor KeUand, Mr. J. M. Wilson, Professor Henrici,
Mr. J. W. L, Glaisher, and Professor Clifford, for considering the possibility
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of improving the methods of instruction in elementary geometiy, be reap-

pointed.

That Mr. Spottiswoode, Trofessor G. G. Stokes, Professor Cuyley, Professor

H. J. S. Smith, Professor Sir W. Thomson, Professor Henrici, Lord Rayleigh,

Mr, C. Erooke, and Mr. J. W. L. Glaisher be appointed a Committee to

report upon Mathematical Notation and Printing.

That the Committee on the Magnetization of Iron, Nickel, and Cobalt,

consisting of Professor Balfour Stewart, Professor Clerk Maxwell, Mr. H. A.

Rowland, and Professor W. F. Barrett, be reappointed.

That Professor Prestwich, Professor Harkness, Professor Hughes, Professor

"W. Boyd Dawkins, Rev. H. W. Crosskey, Messrs. L. C. Miall, G. H. Morton,

D. Mackintosh, R. H. Tiddeman, J. E. Lee, T. Plant, AV. Pengelly, and Dr.

Deane be a Committee for the purpose of recording the position, height

above the sea, lithological characters, size, and origin of the Erratic Blocks

of England, Wales, and Ireland, reporting other matters of interest con-

nected with the same, and taking measures for their preservation ; that the

Rev. H. W. Crosskey be the Secretary.

That the Rev. H. F. Barnes, Mr. C. Spence Bate, Mr. H. E. Dresser,

Dr. Giinther, Mr. J. E. Harting, Dr. J. Gwyu Jeffreys, Professor ]S'e-wi;on,

and Rev. Canon Tristram be a Committee for the purpose of inquiring into

the possibility of establishing a " close time " for the protection of indige-

nous animals.

That Mr. Spence Bate be requested to continue his Report " On the present

state of our knowledge of the Crustacea."

That Mr. R. Bruce Bell, Mr. J. Wolfe Barry, Mr. James Brownlee,

Mr. Henry Brunei, Mr. St. John V. Day, Mr. Edward Easton, Mr. William

Fronde, Sir John Hawkshaw, Professor A. B. W. Kennedy, Dr. W. Pole,

Mr. Hazelton Robson, Mr. David Rowan, and Mr. William Smith be a

Committee for the purpose of reporting on the different kinds of Safety-

valves used or designed for marine and other engines.

That the Committee for the purpose of making experiments and of re-

porting on the effect of the Propeller on the turning of Steam-vessels be re-

appointed (with power to communicate with the Government), consisting of

Mr. James R. Napier, Sir William Thomson, Mr. William Fronde, and

Professor Osborne Reynolds; that Mr. J. T. Bottomley be added to the

Committee, and that Professor Osborne Reynolds be the Secretary.

That the Committee, consisting of Professor Sir William Thomson, Major-

General Strachey, Captain Douglas Galton, Mr. G. F. Deacon, Mr. Rogers Field,

Mr. E. Roberts, and Mr. James N. Shoolbred, for the purpose of consider-

iu"- the Datum-level of the Ordnance Survey of Great Britain, with a view

to°its establishment on a surer foundation than hitherto, with power to

communicate with the Government if necessary, be reappointed ; that Mr.

James N. Shoolbred be the Secretary.

That the Committee, consisting of Mr. W. H. Barlow, Mr. H. Bessemer,

Mr. F. J. Bramwell, Captain Douglas Galton, Sir John Hawkshaw, Dr.

C. W. Siemens, Professor Abel, and Mr. E. H. Carbutt, for the purpose of

considering the use of steel for structural purposes, be reappointed ; that Mr.

E H. Carbutt be the Secretary.

That Dr. A. W. Williamson, Professor Sir W. Thomson, Mr. Vincent

Day,*'Dr. Siemens, Mr. Mcrrifield, Mr. Nelson Hancock, Professor Abel, Mr.

R. Napier, Captain Galton, Mr. Newmarch, Mr. Carbutt, and Mr. Macrory

be a Committee for the purpose of watching and reporting to the Council

on Patent Legislation ; that Mr. Bramwell be the Secretary.
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Hesolution referred to the Council for consideration and action if it seem

desirable.

That the Council be requested to consider, and to take stdps if they think

it desirable, to urge upon H.M. Government the advisability of forming a

Museum of Scientific Instruments and Chemical Products, as suggested irt

the Memorial presented in June last to the Lord President of H.M. Council.

That the arrangement of the Journal of Sectional Proceedings be altered,

-

and that the list of the papers to bo read on the day of issue be placed

before the list of papers read on the previous day.

That in future the Presidents-elect of the various Sections be invited to

confer with the General Secretary, preparatory to the issuing of the first

number of the Journal, to arrange the order in which the Sectional Addresses

should be delivered, so as to afford opportunity to tho Members of the Asso-

ciation to attend the several Addresses in those subjects in which they may
be interested, and that the order in which the Addresses are to be read bo

announced in the first number of the Journal.

Communiaitions ordered to he ]irinted in extenso in the Annual Report of
the Association.

That Professor James Thomson's paper, " Improved Investigations on the

Flow of Water through Orifices, with objections to the Modes of Treatment

commonly adopted," be printed in extenso in the Reports of the Association.

That Mr. W. J. Janssen's paper, " Nitrous Oxide in the Gaseous and
Liquid States," bo printed in extenso in the Reports of the Association.

That the paper by Mr. G. Chrystal and Mr. S. A. Saunder, " On a Com-
parison of the B.A. Standards of Electrical Resistance," be printed in extenso

among the Reports.

That the paper by Professor Osborne Rej'nolds, " On the Investigation of

the Steering-qualities of Ships," be printed in extenso in the Reports of the

Association together -with the necessary Plates.
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Synopsis of Grants of Money appropriated to Scientific Purposes by

the General Committee at the Bristol Meeting in September 1876.

The names of the Members who would be entitled to call on the

General Treasurer for the respective Grants are prefixed.

Matliematics and Physics.

*Everett, Professor.—Underground Temperature ^50

*Stokes, Professor.—Eeflectivo Power of Silver and other
Substances (renewed) 20

Thomson, Sir AVilliam.—Measurement of the Lunar Disturb-
ance of Gravity 50

*Tait, Professor.—Thermo-Electricity (renewed) 50

*Cayley, Professor.—Publication of Tables of EUixitic Functions 250

*Joule, Dr.—Determination of the Mechanical Equivalent of

Heat 100

*Glaisher, Mr. J.—Luminous Meteors 30

Forbes, Prof. G.—Observation of Atmospheric Electricity in

India 15 o

Chemistry.

*AUen, Mr.—Estimation of Potash and Phosphoric Acid .... 20

"Wallace, Dr. W.—Light from Coal Gas 20

*Clowes, Dr. E.—Action of Ethyl Bromo-butjratc on Ethyl
Sodaceto-acetate (renewed) 10

*Armstrong, Dr.—Isomeric Cresols and the Law of Substitution

in the Phenol Series (renewed) 10

Hartley, Mr. W. N.—Double Compounds of Cobalt and Nickel 10

Brown, Prof. Crum.—Quantitative Estimation of Atmospheric
Ozone 15 o

Hartley, W. N.—Liquid Carbonic Acid in Minerals 20

Geology,

*Evans, Mr. J.—Kent's Cavern Exploration 100

*Lubbock, Sir J., Bart.—Exploration of Victoria Cave, Settle. . 100

*Evans, Mr. J.—Eecord of the Progress of Geology 100

*HuU, Professor.—Underground "Waters in the New Red Sand-
stone 10

*Herschel, Professor.—Thermal Conductivities of Rocks 10

*Bryce, Dr.—Earthquakes in Scotland 10

Topley, Mr.^Sub-"Wealdeu Epxloration 100

Carried forward £\im
* Keappointed.
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Bioloriy.

Brought forward =£1100

Gamgee, Prof.—Physiological Action of Ortho-, Pyro-, and
Meta-phosphoric Acids 15

Hooker, Dr.—Report on the Family of the Dipterocarpeae .

.

20

*Stainton, Mr.—Record of Zoological Literature 100

*B[uxley, Professor.—Table at the Zoological Station at Naples 75

*Fox, Col. Lane.—Exploration ofAncient Earthworks (renewed) 25

*Pox, Col. Lane.—Instructions for the use of Travellers 25

Statistics and Economic Science,

*Farr, Dr.—Anthropometric Committee (partly renewed) .... 100

*Hubbard, Right Hon. J, G.—Common Measure of Yalue in

Direct Taxation 10

Mechanics.

*rroude, Mr. W.—Instruments for Measuring the Speed of

Ships (partly renewed) 50

Thomson, Sir William.—Secular Experiments on the Elasti-

city of Wires 100

Total .... .£1620

• * Eeappointed.

The Annual Meetinrj in 1877.

The Meeting at Plymouth will commence on Wednesday, August 15, 1877.

Place of Meeting in 1878.

The Annual Meeting of the Association in 1878 will be held at Dublin.



GENERAL STATEMENT. lix

General Statement of Sums which have beenpaid on Account of Grants

for Scientific Purposes.

1834.

Tide Discussions 20

1835.

Tide Discussions 62
British Fossil Ichtliyology 105

£1C7

1836.

Tide Discussions 1G3
British Fossil Ichthyology 105
Thermometric Observations, &c. 50
Experiments on long-continued

Heat IV 1

Rain-Gauges 9 13

Refraction Experiments 15

Lunar Nutation 60
Thermometers 15 6

~£434 14

1837.

Tide Discussions 284 1

Chemical Constants 24 13 6

Lunar Nutation 70
Observations on Waves 100 12

Tides at Bristol 150
Meteorology and Subterranean

Temperature 89 5

Vitrification Experiments 150
Heart Experiments 8 4 6

Barometric Observations 30
Barometers 11 18 6

1839.

Fossil Ichthyology 110
Meteorological Observations at

Plymouth 63
Mechanism of Waves 144
Bristol Tides 35

£918 14 6

1838.

Tide Discussions 29
British Fossil Fishes 100
Meteorological Observations and
Anemometer (construction) ... 100

Cast Iron (Strength of) 60
Animal and Vegetable Substances

(Preservation of) 19 1 10
Railway Constants 41 12 10
Bristol Tides.., 50
Growth of Plants 75
Mud in Rivers 3 6 6

Education Committee 50
Heart Experiments 5 3

Land and Sea Level 267 8 7

Subterranean Temperature 8 6
Steam-vessels 100
Meteorological Comtnittee 31 9 5

Thermometers 16 4

£956 12 2

£ s. d.

Meteorology and Subterranean

Temperature 21

Vitrification Experiments 9

Cast-Iron Experiments 100
Railway Constants • 28
Land and Sea Level 274
Steam-vessels' Engines 100

Stars in Histoire Cejeste 331

Stars in Lacaille 11

Stars in R.A. S. Catalogue 6

Animal Secretions 10

Steam-engines in Cornwall 50
Atmospheric Air 16

Cast and Wrought Iron 40

Heat on Organic Bodies 3

Gases on Solar Spectrum 22

Hourly Meteorological Observa-

tions, Inverness and Kingussie 49
Fossil Reptiles 118

Mining Statistics 50

11
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Stars (Lacaille) 79

Stars (Nomenclature of) 17

Stars (Catalogue of) 40

Water on Iron 50

Meteorological Observations at

Inverness 20

Meteorological Observations (re-

duction of) 25

Fossil Reptiles 50

Foreign Memoirs 62

Railway Sections 38

Forms of Vessels 193

Meteorological Observations at

Plymouth 55

Magnetical Observations CI

Fishes of the Old Red Sandstone 100

Tides at Leilh 50

Anemometer at Edinburgh 69

Tabulating Observations 9

Races of Men 5

Radiate Animals -- 2^

£1235

1842.

Dynamomctric Instruments 113

Anoplura Britannije 52

Tides at Bristol 59

Gases on Light 30

Chronometers 26

Marine Zoology 1

British Fossil Mammalia 100

Statistics of Education 20

Marine Steam-vessels' Engines.., 28

Stars (Histoire Celeste) 59

Stars (Brit. Assoc. Cat. of ) 110

Railway Sections 161

British Belemnites , 50

Fossil Reptiles (publication of

Report) 210

Forms of Vessels 180

Galvanic Experiments on Rocks 5

Meleorological Experiments at

Plymouth 68

Constant Indicator and Dynamo-
metric Instruments 90

Force of Wind 10

Light on Growth of Seeds 8

Vital Statistics 50

Vegetative Power of Seeds 8

Questions on Human Race ,...^ '!_

£1449

«.
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£
Influence of Light on Plants 10

Subterraneous Temperature in

Ireland 5

Coloured Drawings of Railway

Sections 15

Investigation of Fossil Fishes of

the Lower Tertiary Strata ... 100

Registering the Shocks of Earth-

quakes 1842 23

Structure of Fossil Shells 20
Radiata and Mollusca of the

^gean and Red Seas 1842 100

Geographical Distributions of

Marine Zoology 1842 10

Marine Zoology of Devon and
Cornwall 10

Marine Zoology of Corfu 10

Experiments on the Vitality of

Seeds 9

Experiments on the Vitality of

Seeds 1842 8

Exotic Anoplura 15

Strength of Materials 100

Completing Experiments on the

Forms of Ships 100

Inquiries into Asphyxia 10

Investigations on the Internal

Constitution of Metals 50

Constant Indicator and Morin's

Instrument 1842 10^

£981

s.
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£
1851.

Maintaining the Establishment at

Kew Observatory (includes part

ofgrantin 1849) 309
Theory of Heat 20
Periodical Phenomena of Animals
and Plants 5

Vitality of Seeds 5

Influence of Solar Radiation 30
Ethnological Inquiries 12

Researches on Annelida 10

J639I

1852.
^'''''^^^

Maintaining the Establishment at

Kew Observatory (including

balance of grant for 1850) ... 233
Experiments on the Conduction

of Heat 5

Influence of Solar Radiations ... 20
Geological Map of Ireland 15
Researches on the British Anne-

lida 10
Vitality of Seeds 10
Strength of Boiler Plates 10

£304

1853.
Maintaining the Establishment at

Kew Observatory 165
Experiments on the Influence of

Solar Radiation 15
Researches on the British Anne-

lida 10
Dredging on the East Coast of

Scotland 10
Ethnological Queries 5

~£2()5~

1854.
Maintaining the Establishment at

Kew Observatory (including
balance of former grant) 330

Investigations on Flax 11
Effects of Temperature on
Wrought Iron 10

Registration of Periodical Phe-
nomena ]0

British Annelida 10
Vitality of Seeds 5
Conduction of Heat 4

'£380

1855.
Maintaining the Establishment at

Kew Observatory 425
Earthquake Movements ]0
Physical Aspect of the Moon 11
Vitality of Seeds 10
Map of the World 15
Ethnological Queries 5
Dredging near Belfast 4

£480

1856.
Maintaining the Establishment at

Kew Observatory :

—

1854 £ 75 0\ ,.,
1855 £500 OJ '^'^

d.

2
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£ s. d.

Inquiry into the Performance of

Steam-vessels 124
Explorations in the Yellow Sand-

stone of Dura Den 20
Chemico-mechanical Analysis of

Rocks and Minerals 25
Researches on the Growth of

Plants 10

Researches on the Solubility of

Salts 30
Researches on the Constituents

of Manures 25
Balance of Captive Balloon Ac-

counts 1 13 6

^1241 7

1861.

Maintaining the Establishment
of Kew Observatory ...? 500

Earthquake Experiments 25
Dredging North and East Coasts

ofScotland 23
Dredging Committee :

—

1860 -J50 0\ , n n
1861 £22 OJ '- " "

Excavations at Dura Den 20
Solubility of Salts 20
Steam-vessel Performance 150
Fossils of Lesmahago 15

Explorations at Uriconium 20
Chemical Alloys 20
Classified Index to the Transac-

tions 100
Dredging in the Mersey and Dee 5

Dip Circle 30
Photoheliographic Observations 50
Prison Diet 20
Gauging of Water 10

Alpine Ascents 6 5 1

Constituents of Manures 25

i^nil 5 10

1862.

Maintaining the Establishment

of Kew Observatory 500
Patent Laws 216
Mollusca of N.-W. America 10
Natural History by Mercantile

Marine 5

Tidal Observations 25
Photoheliometer at Kew 40
Photographic Pictures of the Sun 150
Rocks of Donegal 25
Dredging Durham and North-

umberland 25
Connexion of Storms 20
Dredging North-east Coast of

Scotland 6 9 6

Ravages of Teredo 3 11

Standardsof Electrical Resistance 50

Railway Accidents 10

Ballooii Committee 200
Dredging Dublin Bay 10

Dredging the Mersey 5

Prison Diet 20
Gauging of Water 12 10

£ s. d.

Steamships' Performance 150
Thermo-Electric Currents 5

£1293 16 6

1863.
"~"~~~~

Maintaining the Establishment
of Kew Observatory COO

Balloon Committee deficiency... 70
Balloon Ascents (other expenses) 25
Entozoa 25
Coal Fossils 20
Herrings 20
Granites of Donegal 5
Prison Diet. 20
Vertical Atmospheric Movements 13
Dredging Shetland 50
Dredging North-east coast of

Scotland 25
Dredging Northumberland and
Durham 17 3 10

Dredging Committee superin-

tendence 10
Steamship Performance 100
Balloon Committee 200
Carbon under pressure 10
Volcanic Temperature ,... 100
Bromide of Ammonium 8
Electrical Standards 100

Construction and distribu-

tion ... 40
Luminous Meteors 17
Kew Additional Buildings for

Photoheliograph 100
Thermo-Electricity 15
Analysis of Rocks 8
Hydroida 10

£ 1608 3 10

1864.

Maintaining the Establishment
of Kew Observatory 600

Coal Fossils 20
Vertical Atmospheric Move-
ments 20

Dredging Shetland 75
Dredging Northumberland 25
Balloon Committee 200
Carbon under pressure 10
Standards of Electric Resistance 100
Analysis of Rocks 10
Hydroida 10
Askham's Gift 50
Nitrite of Amyle 10
Nomenclature Committee 5
Rain-Gauges 19 15 g
Cast-iron Investigation 20
Tidal Observations in the Humber 50
Spectral Rays 45
Luminous Meteors 20

£ 1289 15 8

1863.

Maintaining the Establishment
of Kew Observatory 600

Balloon Committee 100
Hydroida 13
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£ s. d.

Rain-Gauges 30
Tidal Observations in the Humber 6 8

Hexylic Compounds 20

Amyl Compounds 20

Irish Flora 25

American Mollusca 3 9

Organic Acids 20
Lingula Flags Excavation 10

Eurypterus 50

Electrical Standards 100

Malta Caves Researches 30

Oyster Breeding 25

Gibraltar Caves Researches 150

Kent's Hole Excavations 100

Moon's Surface Observations ... 35

Marine Fauna 25

Dredging Aberdeenshire 25

Dredging Cliannellslands 50

Zoological Nomenclature 5

Resistance of Floating Bodies in

Water 100

Bath Waters Analysis 8 10

Luminous Meteors • 40

£1591 7 10

1866.
"~

Maintaining the Establishment

of Kew Observatory 600

Lunar Committee 64 13 4

Balloon Committee 50

Metrical Committee 50

British Rainfall 50

Kilkenny Coal Fields 16

Alum Bay Fossil Leaf-Bed 15

Luminous Meteors 50

Lingula Flags Excavation 20

Chemical Constitution of Cast

Iron 50

Amyl Compounds 25

Electrical Standards 100

Malta Caves Exploration 30

Kent's Hole Exploration 200

Marine Fauna, &c., Devon and
Cornwall 25

Dredging Aberdeenshire Coast... 25

Dredging Hebrides Coast 50

Dredging the Mersey 5

Resistance of Floating Bodies in

Water 50

Polycvanides of Organic Radi-

cals 20

Rigor Mortis 10

Irish Annelida 15

Catalogue of Crania 50

Didine Birds of Mascarene Islands 50

Typical Crania Researches 30

Palestine Exploration Fund 100

£1750 13 4

1867.
'

Maintaining the Establishment

of Kew Observatory 600

Meteorological Instruments, Pa-

lestine 50

J.uuar Committee 120

£
Metrical Committee 30

Kent's Hole Explorations 100

Palestine Explorations.... 50

Insect Fauna, Palestine ...;,.... 30

British Rainfall 50

Kilkenny Coal Fields 25

Alum Bay Fossil Leaf-Bed 25

Luminous Meteors 50

Bournemouth, &c. Leaf-Beds ... 30

Dredging Shetland 75

Steamship Reports Condensation 100

Electrical Standards 100

Ethyle and Methyle series 25

Fossil Crustacea 25

Sound under Water 24

North Greenland Fauna 75

Do. Plant Beds ... 100

Iron and Steel Manufacture ... 25

Patent Laws 30

J1739

1868.

Maintaining the Establishment

of Kew Observatory 600
Lunar Committee 120

Metrical Committee 50

Zoological Record 100

Kent's Hole Explorations 150

Steamship Performances 100
British Rainfall 50

Luminous Meteors 50

Organic Acids 60
Fossil Crustacea 25

Methyl series 25

Mercury and Bile 25

Organic remains in Limestone

Rocks .'... 25

Scottish Earthquakes 20

Fauna, Devon and Cornwall ... 30
British Fossil Corals 50

Bagshot Leaf-beds 50

Greenland Explorations 100

Fossil Flora 25

Tidal Observations 100

Underground Temperature 50

Spectroscopic investigations of

Animal Substances 5

Secondary Reptiles, &c 30

British Maiine Invertebrate

Fauna 100

£1940

1869.

Maintaining the Establishment

of Kew Observatory 600
Lunar Committee 50

Metrical Committee 25

Zoological Record 100

Committee on Gases in Deep-
well Water 25

British Rainfall 50
Thermal Conductivity of Iron,

&c 30
Kent's Hole Explorations 150
Steamship Performances 30

s. d.

4

4
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£ s. d.

Clicmical Constitution of Cast

Iron 80
Iron and Steel Manufacture ... 100
Methyl Series 30
Organic remains in Limestone

Rocks 10
Earthquakes in Scotland 10
British Fossil Cora'.s 50
Ragshot Leaf-Beds 30
Fossil Flora 25

Tidal Observations 100
Underground Temperature 30
Spectroscopic Investigations of

Animal Substances 5

Organic Acids 12
Kiltorcan Fossils 20
Chemical Conslitntion and Phj'-

siological Action Relations ... 15

Mountain Limestone Fossils 25
Utilization of Sewage 10

Products of Digestion 10

£1622

1871.

Maintaining (he Establishment of

Kew Observatory 600
Monthlv Reports of Piogrfss in

Clieniistry 100

Metrical Cfimmittce 25

Zoological Record 100

Thermal Equivalents of the

Oxides of Chlorine 10

Tidal Observations 100

I'lisiil Flora 25
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£ s. d.

1874.

Zoological Record 100
Chemistry Eecorcl 100
Mathematical Tables 100
Elliptic Functions 100
Lightning Conductors 10
Thermal Conductivity of Rocks 10
Anthropological Instructions,

&c 50
Kent's Cavern Exploration ... 150
Luminous Meteors 30
Intestinal Secretions 15
British Rainfall 100
Essential Oils 10
Sub-Wealden Explorations ... 25
Settle Cave Exploration 50
Mauritius Meteorological Re-

search 100
Magnetization of Iron 20
Marine Organisms 30
Fossils, North-west of Scotland 2 10
Physiological Action of Light. . 20
Trades LTnions 25
Mountain-Limestone Corals ... 25
Erratic Blocks 10
Dredging, Durham and York-

shire Coasts 28 5
High temperature of Bodies ... 30
Siemens's Pyrometer 3 6
Labyriuthodonts of Coal-Mea-

.sures 7 15

£1151 16

1875.

Elliptic Functions 100
Magnetization of Iron 20
British Rainfall 120
Luminous Meteors 30
Chemistry Record 100
Specific Volume of Liquids ... 25
Estimation of Potash and Phos-

phoric Acid 10
Isometric Cresols 20

£
Sub-Wealden Explorations 100
Kent's Cavern Exploration 100
Settle Cave Exploration 50
Earthquakes in Scotland 15
Underground Waters 10
Development of Myxinoid

Fishes 20
Zoological Record 100
Instructions for Travellei's 20
Intestinal Secretion 20
Palestine Exploration 100

s.
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General Meetings.

On "W'educsclay, September 6, at 8 r.jr., in the Garden Palace, Botanic

Gnrdens, Sir John Hawkshaw, QM., F.ll.S., F.G.S., President, resigned the

office of President to Professor Thomas Andrews, M.D., LL.D., F.R.S., who
took the Chair, and delivered an Address, for which see page Ixviii.

On Thursday, September 7, at 8 r.ir., two Soire'es took place, one in the

Royal Exchange, the other in the Corporation Galleries.

On Friday, September 8, at 8.30 p.m., in the Garden Palace, Potanic

Gardens, Professor Tait, F.R.S.E., delivered a Discourse on " Force."

On Saturday, September 9, at 6 p.m., in the City Hall, Commander
Cameron, U.K., C.B., delivered a Lecture, on "A Journey through Africa,"

to the Working Classes of Glasgow.
On Monday, September 11, at 8.30 r.M., in the Garden Palace, Botanic

Gardens, Professor Wyville Thomson, LL.D., F.R.S., delivered a Discourse

on " The ' Challenger' Expedition."

On Tuesday, Sei^tember 12, at 8 p.m., a Soiree took place in the Garden
Palace, Botanic Gardens.

On Wednesday, September 13, at 2.30 p.m., the concluding General Electing

took place, when the Proceedings of the General Committee, and the Grants
of Money for Scientific purposes, were explained to the Members.
The Meeting was then adjourned to Plymouth*.

* The Meeting is appointed to take place on Wednesday, August 15, 1877.



ADDRESS

OF

THOMAS ANDREWS, M.D., LLJ).,

F.R.S., Hoji.F.R.S.E., Etc.

PEESIDENT.

Srx and thirt}^ years have passed over since the British Association for the

Advancement of Science held its tenth meeting in this ancient city, and

twenty-one years have elapsed since it last assembled here. The representa-

tives of two great Scottish families presided on these occasions ; and those who

had the advantage of hearing the address of the Duke of Argj-ll in 1855

will recall the gratification they enjoyed while listening to the thonghtful

sentiments which reflected a mind of rare cultivation and varied acquire-

ments. On the present occasion I have undertaken, not without anxiety,

the duty of filling an oiRce at fii'st accepted by one whom Scotland and the

Association would alike have rejoiced to see in this Chair, not only as a

tribute to his own scientific services, but also as recognizing in him the

worth}'' representative of that long line of able men Avho have upheld the

preeminent position attained by the Scottish schools of medicine in the middle

of the last century, when the mantle of E;erhaave fell upon Monro and

Cullen.

The task of addressing this Association, always a difiicult one, is not ren-

dered easier when the meeting is held in a jilacc which presents the rare

combination of being at once an ancient seat of learning and a great centre

of modern industry. Time will not permit me to refer to the distinguished

men who in early days have left here their mark behind thera ; and I regret

it the more, as there is a growing tendency to exaggerate the value of later

discoveries, and to underrate the achievements of those who have lived before

us. Confining our attention to a period reaching back to little more than a

century, it appears that during that time three new sciences arose, at least

as far as any science can be said to have a distinct origin, in this city of
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Glasgow—Expcrimenlal Cheiuifctrj', Political Econoiiiy, aud ^Icdiaiiical

Engineering. It is now conceded that Black laid the foundation of modern

chemistry ; and no one has ever disputed the claims of Adam Smith and of

"Watt to having not only founded, but largely built up, the two great branches

of knowledge with which their names will always be inseparably connected.

It was here that Dr. Thomas Thomson established the first school of Practical

Chemistry in Great Eritain, and that Sir W. Hooker gave to the chair of

IJotany a European celebrity ; it was here that Graham discovered the law

of gaseous diflusion and the properties of polybasic acids ; it was here that

Stenhouse and Anderson, Eankine and J. Thomson made some of their finest

discoveries ; and it was here that Sir William Thomson conducted his

physico-matheraatical investigations, and invented those exquisite instru-

ments, valuable alike for ocean telegraphy and for scientific use, which are

among the finest trophies of recent science. Nor must the names of Tcnjiant,

ifackintosh, Neilson, Walter Crum, Young, and Napier be omitted, who,

with many others in this place, have made large and valuable additions to

practical science.

The safe return of the ' Challenger,' after an absence of three and a half

years, is a subject of general congratulation. Our knowledge of the varied

forms of animal life, and of the remains of animal life, which occur, it is now
known, over large tracts of the bed of the ocean, is chiefly derived from the

observations made in the ' Challenger ' and in the previous deep-sea expedi-

tions which were organized by Sir Wyville Thomson and Dr. Carpenter.

The physical observations, and especially those on the temperature of the

ocean, which were systematically conducted throughout the whole voyage of

the 'Challenger,' have already supplied valuable data for the resolution of

the great question of ocean-currents. Upon this question, which has been

discussed with singular ability, but under different aspects, by Dr. Carpenter

and Mr. CroU, I cannot attempt here to enter; nor will I venture to forestall,

by any crude analysis of my own, the narrative which Sir W. Thomson has

kindly undertaken to give of his own achievements and of those of his staflT

during their long scientific cruise.

Another expedition, which has more than fulfilled the expectations of the

public, is Lieutenant Cameron's remarkable journey across the continent of

Africa. It is by such enterprises, happily conceived and ably executed, that

we may hope at no distant day to see the Arab slave-dealer rei)laced by the

legitimate trader, and the depressed populations of Africa gradually brought

within the j)ale of civilized life.

From the North Polar Expedition no intelligence has been received ; nor

can we expect for some time to hear whether it has succeeded in the erowii-

iug object of Arctic enterprise. In the opinion of many, the results, scientific

or other, to be gained by a full survey of the Arctic regions can never be of

such, value ns to justify the risk aud cost which mufet be incurred. But if is
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not by cold calculations of this kind that great discoveries are made or great

enterprises achieved. There is an inward and irrepressible imiJiilse

—

in indi-

viduals called a spirit of adventure, in nations a spirit of enterprise—which

impels mankind forward to explore every part of the world we inhabit,

however inhospitable or difiicult of access ; and if the country claiming the

foremost place among maritime nations shrink from an undertaking because

it is perilous, other countries will not be slow to seize the post of honour. If

it be possible for man to reach the poles of the earth, whether north or south,

the feat must sooner or later be accomplished ; and the country of the success-

ful adventurers will be thereby raised in the scale of nations.

The passage of Venus over the sun's disk is an event which cannot be

passed over without notice, although many of the circumstances connected

vrith it have already become historical. It was to observe this rare astro-

nomical phenomenon, on the occasion of its former occurrence iu 1769, that

Captain Cook's memorable voyage to the Pacific was undertaken, in the

course of which he explored the coast of New South Wales, and added that

great country to the possessions of the British Crown.

As the transit of Venus gives the most exact method of calculating the

distance of the earth from the sun, extensive preparations were made on the

last occasion for observing it at selected stations—from Siberia in northern,

to Kerguclen's Land in southern latitudes. The great maritime powers vied

"^^dth each other to turn the opportuuity to the best account; and Lord

Lindsay had the spirit to equip, at his own expense, the most complete ex-

pedition which left the shores of this country. Some of the most valuable

stations iu southern latitudes were desert islands, rarely free from mist or

tempest, and without harbours or shelter of any kind. The landing of the

instruments was in many cases attended with great diihculty and even per-

sonal risk. Photography lent its aid to record automatically the progress of

the transit ; and M. Janssen contrived a revolving plate, by means of which

IVom fifty to sixty images of the edge of the sun could be taken at short

intervals during the critical periods of the phenomenon.

The observations of il. Janssen at Nagasaki, in Japan, were of special

interest. Looking through a violet-blue glass he saw Ycnus, two or three

minutes before the transit began, having the appearance of a pale round spot

near the edge of the sun. Immediately after contact the segment of tho

planet's disk, as seen en the face of the sun, formed with what remained of

this spot a complete circle. The pale spot when first seen was, in short, a

partial eclipse of the solar corona, which was thus proved beyond dispute to

be a luminous atmosphere surrounding the sun. Indications were at the

same time obtained of the existence of an atmosphere around Tonus.

The mean distance of the earth from the sun was long supposed to have

been fixed within a very small limit of error at about 95,000,000 miles.

The accuracy of this number had already been called in question on thco-
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rclical grounds by Hansen and Leverrier, -wiiou Foucault, in 1802, decided

the question by an experiment of extraordinary delicacy. Taking advantage

of the revolving-mirror, with which Wheatstono had some time before

enriched the physical sciences, Foucault succeeded in measuring the absolute

velocity of light in space by experiments on a beam of light, reflected

backwards and forwards, within a tube little more than thrrtcen feet in

length. Combining the result thus obtained with what is called by astrono-

mers the constant of aberration, Foucault calculated the distance of the earth

from the sun, and found it to be one thirtieth part, or about 3,000,000 miles,

less than the commonly received number. This conclusion has lately been

confirmed by 31. Cornu, from a new determination he has made of the

velocity of light according to the method of Fizeau ; and in complete accord-

ance with these results are the investigations of Leverrier, founded on a

comparison with theory of the observed motions of the sun and of the

planets Tonus and Mars. It remains to be seen whether the recent obser-

vations of the transit of Yenus, when reduced, will be sufficiently concordant

to fix with even greater precision the true distance of the earth from the

sun.

In this brief reference to one of the finest results of modern science,

I have mentioned a great name whose loss England has recently had to

deplore, and in connexion with it the name of an illustrious physicist whose

premature death deprived France, a few years ago, of one of her brightest

ornaments—Vhcatstone and Foucault, over to be remembered for their

marvellous power of eliciting, like Galileo and Newton, from familiar

phenomena the highest truths of nature

!

The discovery of Huggins that some of the fixed stars are moving to-

wards and others receding from our system, has been fully confirmed by

a careful scries of observations lately made by Mr. Christie in the Observa-

tory of Greenwich. Mr. Huggins has not been able to discover any indications

of a proper motion in the nebulas ; but this may arise from the motion of

translation being less than the method would discover. Few achievements

iu the history of science are more \^-onderful than the measurement of the

proper motions of the fixed stars, from observing the relative position of two

delicate lines of light in the field of the telescope.

The observation of the American astronomer Young, that bright lines,

corresponding to the ordinary lines of Fraunhofer reversed, may be seen in

the lower strata of the solar atmosphere for a few moments during a total

eclipse, has been confirmed by Mr. Stone, on the occasion of the total eclipse

of tho sun which occurred some time ago in South Africa. In the outer

corona, or higher regions of the sun's atmosphere, a single green line only

was seen, the same which had been already described by Y^oung.

I can here refer only in general terms to the observations of lloscoe and

Schuster on the absorption-bands of potassium and sodium, and to the in-
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vestigations of Lockycr on the absoiptivc powers of metallic and metalloidal

vapours at difForeut temperatures. From the vapour of calcium the latter

lias obtained two wholly difstinct spectrn, one belonging to a low, and the

other to a high temperature. Mr. Lockyer is also engaged on a new and

greatly extended map of the solar spectrum.

Spectrum analysis has lately led to the discovery of a new metal—gallium

—the fifth whose presence has been first indicated bj'' that powerful agent.

This discovery is duo to M. Lccoq dc Boisbaudran, already favourably known

by a work on the application of the spectroscope to chemical analysis.

Oiu- knowledge of aerolites has of late years been greatly increased ; and I

cannot occupy a few moments of your time more usefully than by briefly

referring to the subject. So recently as 1 860 the most remarkable meteoric

fall on record, not even excepting that of L'Aigle, occurred near the village of

New Concord in Ohio. On a day when no thunder-clouds were visible, loud

sounds were heard resembling claps of thunder, followed by a large fall of

meteoric stones, some of which were distinctly seen to strike the earth. One

stone, above 50 pounds in weight, buried itself to the depth of two feet in

the ground, and when dug out was found to be still warm. In 1872 another

remarkable meteorite, at first seen as a brilliant star with a luminous train,

burst near Orvinio in Itah', and six fragments of it were afterwards collected.

Isolated masses of metallic iron, or rather of an alloy of iron and nickel,

similar in composition and properties to the iron usually diffused in

meteoric stones, have been found here and there on the surface of the

earth, some of large size, as one described by Pallas, which weighed about

two thirds of a ton. Of the meteoric origin of these masses of iron there

is little room for doubt, although no record exists of their fall. Sir Edward

Sabine, whose life has been devoted with rare fidelity to the pursuit of

science, and to whose imtiring efforts this Association largelj' owes the

position it now occupies, was the pioneer of the newer discoveries in meteoric

science. Eight and fifty years ago he visited with Captain Eoss the northern

shores of Baffin's Bay, and made the interesting discovery that the knife-

blades used by the Es{}uimaux in the vicinity of the Arctic highlands were

formed of meteoric iron. This observation was afterwards fully confirmed ;

and scattered blocks of meteoric iron have been found from time to time

around BnfHu's Bay. But it was not till 1870 that the meteoric treasures

of Baffin's Bay were truly discovered. In that year Nordenskiold found, at

a part of tlie shore difficult of oppruach even in moderate weather, enor-

mous blocks of meteoric iron, the Inrgest weighing nearly twenty tons, im-

bedded in a ridge of basoliie rock. The interest of this observation is greatly

enhanced by the circumstance that these masses of meteoric iron, like tha

basalt with which they are associated, do net belong to the present geologi-

cal epoch, l)ut must have fallen long before the actual arrangement of land

and sea existed,— during, in short, the middle Tertiary, or Miocene period of
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Lycli. TIio uictooric origin of these iron niasscs from Ovifak has Leen

called in question by Lawrence Smith ; and it is no douht possible tliat they

may have been raised by upheaval from the interior of the earth. I have

indeed myself shown by a magucto-chemical process tluit metallic iron, in

particles so fine that they have never yet been actnally seen, is everywhere

diffused through the Miocene basalt of Slieve Mish in Antrim, and may
likewise be discovered by careful search in almost all igneous and in many
raetamorphic rocks. These observations have since been verified by lleuss in

the case of the Bohemian basalts. But, as regards the native iron of Ovifak,

the weight of evidence appears to be in favour of the conclusion, at which M.

Daubree, after a careful discussion of the subject, has arrived—that it is

really of meteoric origin. This Ovifak iron is also remarkable from con-

taining a considerabe amount of carbon, partly combined with the iron,

partly diffused through the metallic mass in a form resembling coke. In

connexion with this subject, I must refer to the able and exhaustive memoirs

of Maskelync on the Bust! and other aerolites, to the discovery of vanadium

by E. Apjohn in a meteoric iron, to the interesting observations of Sorby,

and to the researches of Daubree, Wohler, Lawrence Smith, Tschermak, and

others.

The important services which the Tvew Observatory has rendered to

meteorology and to solar physics have been fuUy recognized ; and Mr. Gassiot

has had the gratification of witnessing the final success of his long and

noble efforts to place this observatory upon a permanent footing. A phy-

sical observatory for somewhat similar objects, but on a larger scale, is in

course of erection, under the guidance of M. .Janssen, at Fontenay in France,

and others are springing up or already exist in Germany and Italy. It is

earnestly to be hoped that this country will not lag behind in providing

phj'sical observatories on a scale worthy of the nation and commensurate

Avith the importance of the object. On this question I cannot do better

than refer to the high authority of Dr. Balfour Stewart, and to the views he

expressed in his able address last year to the Pliysical Section.

Weather telegraphy, or the reporting by telegraph the state of the weather

at selected stations to a central office, so that notice of the probable approacli

of storms may be given to tlie seaports, has become in this country an

organized system ; and considering the little progress meteorology has made
as a science, the results may be considered to be on the whole satisfactory. Of

tlie warnings issued of late years, four out of five were justified by the

occurrence of gales or strong winds. Few storms occurred for which no

warnings had been given ; but unfortunately among these were some of the

licaviest gales of the period. The stations from which daily reports are sent

to the meteorological office in London cmbi'ace the whole coast of "Western

l']urope, including the Shetland Isles. It ajipears that atmospheric disturb-

ances seldom cross the Atlantic without being greatly altered in charncter,
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and that the origin of most of our storms lies eastward of the longitude of

Newfoundland.

As regards the velocity of the wind, the cup-anemometer of Dr. Robinson

has fully realized the expectations of its discoverer ; and the venerable

astronomer of Armagh has been engaged during the past summer, with all

the ardour of youth, in a course of laborious experiments to determine the

constants of his instrument. From seven years' observations at the Observa-

tory of Armagh, he has found that the mean velocity of the wind is

greatest in the S.S.W. octant and least in the opposite one, and that the

araouut of wind attains a masimum in Januarj^, after which it steadily

decreases, with one slight exception, till July, augmenting again till the end

of the year.

Passing to the subject of electricity, it is Vv"ith pleasui'e that I have to

announce the failure of a recent attempt to deprive Oerstedt of his great

discovery. It is gratifying thus to find high reputations vindicated, and

names which all men love to honour transmitted with undimiuished lustre

to posterity. At a former meeting of this Association, remarkable for an

unusual attendance of distinguished foreigners, the central figui'e was

Oerstedt. On that occasion Sir John Hcrschel in glowing language compared

Oerstedt's discovery to the blessed dew of heaven which only the master-

mind could draw down, but which it was for others to turn to account and

use for the fertilization of the earth. To Franklin, Volta, Coulomb, Oerstedt,

Ami)cre, Faraday, Seebeck, and Ohm arc due the fundamental discoveries of

modern electricity—a science whose applications in Davy's hands led to

grander results than alchemist ever dreamed of, and in the hands of others

(among whom Wheatstone, Morse, and Thomson occupy the foremost place) to

the marvels of the electric telegraph. "When we proceed from the actual

phenomena of electricity to the molecular conditions upon which those

phenomena depend, we are confronted with questions as recondite as any

with which the physicist has had to deal, but towards the solution of which

the researches of Faraday have contributed the most precious materials. The

theory of electrical and magnetic action occupied formerly the powerful minds

of Poisson, Green, and Gauss ; and among the living it will surely not be

invidious to cite the names of Weber, Helmholtz, Thomson, and Clerk Max-
well. The work of the latter on electricity is an original essay worthy in

every way of the great reputation and of the clear and far-seeing intellect

of its author.

Among recent investigations I must refer to Professor Tait's discovery of

consecutive neutral points in certain thermo-electric junctions, for which he

was lately awarded the Keith prize. This discovery has been^the residt of

an elaborate investigation of the properties of thermo-electric currents, and

is specially interesting in reference to the theory of dynamical electricity.

Nor can I omit to mention the very interesting and original experiments of
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Dr. Kerr on the dielectric state, from -which it appears that when electricity

of high tension is passed through dielectrics, a change of molecular arrange-

ment occurs, slowly in the case of solids, quickly in the case of li(]uids, and

that the lines of electric force are in some cases lines of compression, in

other cases lines of extension.

Of the many discoveries in physical science due to Sir William Grove,

the earliest and not the least important is the hattery which hears his name,

and is to this day the most powerful of all voltaic arrangements ; but with a

Grove's battery of 50 or even 100 cells in vigorous action, the spark will not

pass through an appreciable distance of cold air. By using a very large

number of cells, carefully insulated and charged with water, IMr. Gassiot

succeeded in obtaining a short spark through air ; and lately De La Eue and

MiiUer have constructed a large chloride-of-silver battery giving freely sparks

through cold air, which, when a column of pure water is interposed in

the circuit, accurately resemble those of the common electrical machine.

The length of the spark increasing nearly as the square of the number

of cells, it has been calculated that with 100,000 elements of this battery

the discharge should take place through a distance of no less than eight

feet in air.

In the solar beam we have an agent of surpassing power, the investiga-

tion of whose properties by Newton forms an epoch in the history of experi-

mental science scarcely less important than the discovery of the law of

gravitation in the history of physical astronomy. Three actions chaiacterize

the solar beam, or, indeed, more or less that of any luminous body—the

heating, the physiological, and the chemical. In the ordinary solar beam

we can modify the relative amount of these actions by passing it through

dilferent media, and we cau thus have luminous rays with little heating or

little chemical action. In the case of the moon's rays it required the highest

skill on the part of Lord Eosse, even with all the resources of the observatory

of Parsonstown, to investigate their heating properties, and to show that the

surface of our satellite facing the earth passes, during every lunation, through

a greater range of temperature than the difference between the freezing- and

boiling-points of water.

But if, instead of taking an ordinary ray of light, wc analyze it as Kewton

did by the prism, and isolate a very fine line of the spectrum (thcoreticallj' a

line of infinite tenuity), that is to say, if wo take a ray of definite refrangi-

bility, it will be found impossible by screens or otherwise to alter its pro-

perties. It was his clear perception of the truth of this princii)le that led

Stokes to his great discovery of the cause of epipolic dispersion, in which he

showed that many bodies had the power of absorbing dark rays of high

refrangibility and of emitting them as luminous rays of lower refrangibility

—

of absorbing, in short, darkness and of emitting it as light. It is not,

indeed, an easy matter in all cases to say whether a given effect is due to
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the action of licat or light; and the question M'hich of these forces is the

efficient agent in causing the motion of the tiny disks in Crookes's radiometer

has given rise to a good deal of discussion. The answer to this question in-

volves the same principles as those bj'which the image traced on the dnguerrco-

type i)late, or the decomposition of carbonic acid by the leaves of plants, is

referred to the action of light and not of heat ; and applying these principles

to the experiments made Tvith the radiometer, the weight of evidence appears

to be in favour of the view that the repulsion of the blaclvcncd surfaces of

the disks is due to a thermal reaction occurring in a highly rarefied mcdiimi.

I have myself had the pleasure of -witnessiug many of Mr. Crookes's experi-

ments, and I cannot sufficientljf express my admiration of the care and skill

"with which ho has pursued this investigation. The remarkable repulsions

he has observed in the most perfect vacua hitherto attained are interesting,

not only as having led to the construction of a beautiful instrument, but as

being likely, -when the subject is fully investigated, to give valuable data for

the theory of molecular actions.

A singular property of light, discovered a short time ago by Mr. Willoughby

Smith, is its power of diminishing the electrical resistance of the element

selenium. This property has been ascertained to belong chiefly to the luminous

rays on the red side of the spectrum, being nearly absent in the violet or

more refrangible rays and also in heat-rays of low refrangibility. The

recent experiments of Prof. W. G. Adams have fully established the accuracy

of the remarkable observation, first made by Lord llosse, that the action ap-

peared to vary inversely as the simple distance of the illuminating source.

Switzerland sent, some years ago, as its representative to this country the

celebrated Do la Rive, whose scientific life formed lately the subject of an

eloquent f'lV/e from the pen of M. Dumas. On this occasion we have to

welcome, in Oeneral Menabrea, a distinguished representative both of the

kingdom of Italj- and of Italian science. His great work on the determina-

tion of the pressures and tensions in an elastic system is of too abstruse a

character to be discussed in this address; but tlie principle it contains may
be briefly stated in the following words :

—" When any elastic sj-stem places

itself in equilibrium under the action of external forces, the work developed

by the internal forces is a minimum." General Menabrea has, however, other

and special claims upon us here, as the friend to whom Babbage entrusted the

task of making known to the world the principles of his analytical machine

—a gigantic conception, the efibrt to realize which it is known was one of

the chief objects of Babbage's later life. The latest development of this con-

ception is to be found in the mechanical integrator of Trof. J. Thomson, in

M-hich motion is transmitted, according to a new kinematic princiiJe, from a

disk or cone to a cylinder through the intervention of a loose baU, and in

Sir ^\. Thomson's machine for the mechanical integration of differential

equations of the second order. In the exquisite tidal machine of the latter
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we luivo an iListrumout by lucaus of which the heigM of the tido at .1 given

port can be accuratclj' predicted for all times of the day and night.

The attraction-meter of Siemens is an instrument of great delicacy for

measuring horizontal attractions, which it is proposed to use for recording

the attractive influences of the sun and moon, upon -which the tides depend.

The bathometer of the same able physicist is another remarkable instrument,

in which the constant force of a spring is opposed to the variable pressure of

a column of mercury. By an easy observation of the bathometer on ship-

board, the depth of the sea may be approximately ascertained without the

use of a sounding-line.

The Loan Exhibition of Apparatus at Kensington has been a eomploto

success, and cannot fail to be useful, both in extending a knowledge of

scientific subjects and in promoting scientific research throughout the country.

Unique in character, but most interesting and instructive, this exhibition

will, it is to be hoped, be tlie precursor of a permanent museum of scientific

objects, which, like the present exhibition, shall be a record of old, as well

as a representation of new inventions.

It is often difficult to draw a distinct line of separation between the phy-

sical and chemical sciences ; and it is perhaps doubtful whether the division

is not really an artificial one. The chemist cannot, indeed, make any large

advance without having to deal with physical principles; and it is to Eoyle,

Balton, Gay-Lussac, and (Jraham that we owe the discovery of the mecha-

nical laws which govern the properties of gases and vapours. Some of these

laws liave of late been made the subject of searching inqiiiry, which has

fullj- confirmed their accuracy, when the body under examination approaches

to what has not inaptly been designated the ideal gaseous state. But when
gases are examined under varied conditions of pressure and tcmperatiu-e, it

is found that these laws are only particular cases of more general laws, and

that the laws of the gaseous state, as it exists in natiire, although they may
be enunciated in a precise and definite form, are very diflferent from the

simple expressions which apply to the ideal condition. The new laws be-

come in their turn inapplicable when from the gaseous state proper wo
pass to those intei-mediate conditions which, it has been shown, link with

unbroken continuity the gaseous and liquid states. As wc approach the

liquid state, or even when we reach it, the problem becomes more com-
plicated ; but its solution even in these cases will, it may confidently be

expected, yield to the powerful means of investigation we now possess.

Among the more important researches made of late in physical chemistrv,

I may mention those of F. Weber on the specific heat of carbon and the

allied elements, of Berthelot on thcrmo-chemistry, of Eunsen on spectrum

analysis, of Wiillner on the band- and line-spectra of the gases, and of

CUithrie on the cryohydrates.

C'osmicnl chemistrv is a science of vesterdav : and vet it alreadv nbonjuls in



Ixxviii REPORT— 1876.

facts of tlie highest interest. Hydrogen, which, if the ahsolute zero of the

physicist does not bar the way, we may hope yet to see in the metallic form,

appears to be everywhere present in the universe. It exists in enormous

quantity in the solar atmosphere, and it has been discovered in the atmo-

spheres of the fixed stars. It is present, and is the only known element of

whose presence we are certain, in those vast sheets of ignited gas of which

the nebulfe proper are composed. Nitrogen is also widely diffused among

the stellar bodies, and carbon has been discovered in more than one of the

comets. On the other hand, a prominent line in the spectrum of the Aui'ora

Borealis has not been identified with that of any known element ; and the

question may be asked :—Does a new element, in a highly rarefied state,
o

exist in the upper regions of our atmosphere? or are we with Angstrom to

attribute this line to a fluorescent or phosj^horescent light produced by the

electrical discharge to which the aurora is due ? This question awaits farther

observations before it can be definitely settled, as does also that of the source

of the remarkable green line which is everywhere conspicuous in the solar

corona.

I must here pause for a moment to pay a passing tribute to the memory

of Angstrom, whose great work on the solar spectrum will always remain as

one of the finest monuments of the science of our period. The influence,
O

indeed, which the labours of Angstrom and of Kirchhoff have exerted on the

most interesting portion of later physics can scarcely be exaggerated; and it

may be truly said that there are few men whose loss wUl be longer felt or

more deeply deplored than that of the illustrious astronomer of Upsala.

I cannot pursue this subject further, nor refer to the other terrestrial

elements which are present in the solar and stellar atmospheres. Among
the many elements that make up the ordinary aerolite, not one has been

discovered which does not occur upon this earth. On the whole we arrive at

the grand conclusion that this mighty universe is chiefly built up of the same

materials as the globe wo inhabit.

In the application of science to the useful purposes of life, chemistry and

mechanics have run an lionourable race. It was in the valley of the Clyde

that the chief industry of this country received, within the memory of many

here present, an extraordinary impulse from the application by Ncilson of

the hot blast to the smelting of iron. The Bessemer steel process and the

regcJicrativc furnace of Siemens are later appHcations of high scientific prin-

ciples to the same industry. But there is ample work yet to be done. The

fuel consumed in the manufactui'e of iron, as, indeed, in every funiace where

coal is used, is greatly in excess of what theory indicates ; and the clouds of

smoke which darken the atmosphere of our manufacturing towns, and even

of whole districts of country, are a clear indication of the waste, but only of

a small portion of the waste, arising from imperfect combustion. The de-

pressing effect of Ihifl ntinosphero upon Ihc working population can scarcely
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be overrated. Their palo, I had almost said etiolated, faces are a sure indi-

cation of the absence of the vivifying influence of the solar rays, so essential

to the maintenance of vigorous health. The chemist can furnish a simple

test of this state of the atmosphere in the absence of ozone, the active form

of oxygen, from the air of our large towns. At some future day the efforts

of science to isolate, by a cheap and available process, the oxygen of the

air for industrial purposes may be rewarded with success. The effect of such

a discovery would be to reduce the consumption of fuel to a fractional part

of its present amount ; and although the carbonic acid would remain, the

smoke and carbonic oxide would disappear. But an abundant supply of puro

oxygen is not now witliin our reach ; and in the mean time may I venture to

suggest that in many localities the waste products of the furnace might be

carried off to a distance from the busy human hive hj a few horizontal flues

of large dimensions, terminating in lofty chimneys on a hillside or distant

plain ? A system of this kind has long been employed at the mercurial mines

of Idria, and in other smclting-works where noxious vapours are disengaged.

With a little care in the arrangements, the smoke wouH be wholly deposited,

as flue-dust or soot, in the horizontal galleries, and wonld be available for

the use of the agriculturist.

The future historian of organic chemistry will have to record a succession

of beneficent triumphs, in which the efforts of science have led to results of

the highest value to the wellbeing of man. The discovery of quinine has

probably saved more human Ufe, with the exception of that of vaccination,

than any discovery of any age ; and he who succeeds in devising an artificial

method of preparing it will be truly a benefactor of the race. Not the least

valuable, as it has been one of the most successful, of the works of our

Government in India, has been the planting of the cinchona-tree on tho

slopes of the Himalaya. As artificial methods are discovered, one by one, of

preparing the proximate principles of the useful dyes, a temporary derange-

ment of industry occurs, but in the end the waste materials of our manufac-

tures set free large portions of the soil for the production of human food.

Tho ravages of insects have ever been the terror of the agriculturist, and

the injury they inflict is often incalculable. An enemy of this class, carried

over from America, threatened lately with ruin some of the finest vine

districts in the south of France. The occasion has called forth a chemist of

high renown ; and in a classical memoir recently published, M. Dumas ap-

pears to have resolved the difficult problem. His method, although immedi-

ately applied to the PJujlIoawa of the vine, is a general one, and will no

doubt be found serviceable in other cases. In the apterous state the PJti/l-

loxera attacks the roots of the plant ; and the most efficacious method hitherto

known of destroying it has been to inundate the vineyard. After a long and

patient investigation, M. Dumas has discovered that the sulphocarbonate of

potassium, in dilute solution, fulfils every condition required from an insccti-
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cide, clcsfcro_yiug tlic insect without injuring the jjlant. The process required

time and patience ; but the trials in the vineyard have fully confirmed the

experiments of the laboratory.

The application of artificial cold to practical purposes is rapidly extending
;

and, with the improvement of the ice-machine, the influence of this agent

upon our supply of animal food from distant countries will undoubtedly be

immense. The ice-machine is already employed in paraffin-works and in

large breweries ; and the curing or salting of meat is now largely conducted

in vast chambers, maintained throughout the summer at a constant tempera-

ture by a thick covering of ice.

I have now completed this brief I'evicw, rendered difficult by the abun-

dance, not by the lack of materials. Even confining our attention to the

few branches of science upon which I have ventured to touch, and omitting

altogether the whole range of pure chemistry, it is with regret that I find

myself constrained to make onlj- a simple reference to the important work of

Cayley on the Mathematical Theory of Isomers, and to elaborate memoirs

which have recently appeared in Germany on the reflection of heat- and light-

rays, and on the specific heat and conducting-powcr of gases for heat, by

Knoblauch, E. "Wiedemann, "Winkelmann, and Buff.

The decline of science in England formed the theme, fifty years ago, of nn

elaborate essay by Babbage ; but the brilliant discoveries of Faraday soon

after -wiped oft' Ihe reproach. I will not verdure to say tliat the alarm which

has lately arisen, here and elsewhere, on the same subject will prove to

be equally groundless. The duration of every great outburst of human
activity, whether in art, in literature, or in science, has always been short,

and experimental science has made gigantic advances during the last three

centuries. The evidence of any great failure is not, however, very manifest,

at least in the physical sciences. The journal of PoggcndorfF, which has long

been a faithful record of the progress of jAysical research thi'oughout the

world, shows no signs of flagging; and the Jubelband by which Germany
celebrated the fiftieth year of Poggendorff"s invaluable services was at the

sarao time an ovation to a scientific veteran, who has perhaps done more

than any man living to encourage the highest forms of research, and a proof

that in Northern Europe the physical sciences continue to be ably and

actively cultivated. If in chemistry the case is somewhat weaker, the ex-

planation, at least in this country, is chiefly to be found in the demand on

the part of the public for professional aid from many of our ablest chemists.

But whatever view be taken of the actual condition of scientific research,

there can be no doubt that it is both the duty and the interest of the country

to encourage a pirrsuit so ennobling in itself, and fraught with such impor-

tant consequences to the weUbeing of the community. Xor is there any

question in which this Association, whose special aim is the advancement of

science, can take a deeper int( rost. Tb.o public rnii'd has also been awakened
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to its importance, and is prcjiared to aid in carrying out any proposal which

offers a reasonable prospect of advantage.

In its recent phase the question of scientific research has been mixed up

with contemplated changes in the great universities of England, and par-

ticularly in the University of Oxford. The national interests involved on

aU sides are immense, and a false step once taken may be irretrievable. It

is with diffidence that I now refer to the subject, even after having given to

it the most anxious and careful consideration.

As regards the higher mathematics, their cultivation has hitherto been

chiefly confined to the Universities of Cambridge and Dublin, and two great

mathematical schools will probably be sufficient for the kingdom. The case

of the physical and natural sciences is different, and they ought to be cul-

tivated in the largest and widest sense at every complete university. Nor,

in applying this remark to the English universities, must we forget that if

Cambridge was the alma mater of Newton and Cavendish, Oxford gave birth

to the Eoyal Society. The ancient renown of Oxford will surely uot suffer,

while her material position cannot fail to be strengthened, by the expansion

of scientific studies and the encoiiragement of scientific research within her

walls. Nor ought such a proposal to be regarded as in any way hostUo to

the literary studies, and especially to the ancient classical studies, which

have always been so carefully cherished at Oxford. If, indeed, there were

any such risk, few would hesitate to exclaim—let science shift elsewhere for

herself, and let literature and philosophy find shelter in Oxford ! But there

is no ground for any such anxiety. Literature and science, philosophy and

art, when properly cultivated, far from opposing, will mutually aid one

another. Tliere will be ample room for aU, and, by judicious an-angements,

all may receive the attention they deserve.

A University, or Studium Generale, ought to embrace in its arrangements

the whole circle of studies which involve the material interests of society, as

well as those which cultivate intellectual refinement. The industries of the

country should look to the universities for the development of the principles

of applied as well as of abstract science ; and in this respect no institutions

have ever had so grand a possession within easy reach as have the univer-

sities of England at this conjuucture, if only they have the courage to seize it.

"With their historic reputation, their coUegiate endowments, their command-

ing influence, Oxford and Cambridge should continue to be all that they now

are ; but they should, moreover, attract to their lecture-halls and working

cabinets students in large numbers preparing for the higher industrial piu--

suits of the country. The great physical laboratory in Cambridge, founded

and equipped by the noble representative of the House of Cavendish, has in

this respect a peculiar significance, and is an important step in the direction

I have indicated. But a small number only of those for whom this temple

of science is designed are now to be found in Cambridge. It remains for the

1876. /
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University to perform its part, and to widen its portals so that tlie nation at

large may reap the advantage of this well-timed foundation.

If the Universities, in accordance with the spirit of theu- statutes, or at

least of ancient usage, would demand from the candidates for some of the

higher degrees proof of original powers of investigation, they would give an

important stimulus to the cultivation of science. The example of many con-

tinental universities, and among others of the venerable University of Leyden,

may here be mentioned. Two proof essays recently written for the degree

of Doctor of Science in Leyden, one by Van der Waals, the other by Lorenz,

are works of unusual merit ; and another pupil of Professor Eijke is now

engaged in an elaborate experimental research as a qualification for the same

degree.

The endowment of a body of scientific men devoted exclusively to original

research, without the duty of teaching or other occupation, has of late been

strongly advocated in this country ; and M. Fremy has given the weight of

his high authority to a somewhat similar proposal for the encouragement of

research in France. I will not attempt to discuss the subject as a national

question, the more so as after having given the proposal the most careful

consideration in my power, and turned it round on every side, I have failed

to discover how it could be worked so as to secure the end in view.

But whatever may be said in favour of the endowment of pure research as

a national question, the Universities ought surely never to be asked to give

their aid to a measure which would separate the higher intellects of the country

from the flower of its youth. It is only through the influence of original

minds that any great or enduring impression can be produced on the hopeful

student. . Without original power, and the habit of exercising it, you may

have an able instructor, but you cannot have a great teacher. No man can

be expected to train others in habits of observation and thought he has never

acquired himself. In every age of the world the great schools of learning

have, as in Athens of old, gathered around great and original minds, and

never more conspicuously than in the modem schools of chemistry, which

reflected the genius of Liebig, Wohler, Bunscn, and Hofmann. These

schools have been nurseries of original research as well as models of scientific

teaching ; and students attracted to them from all countries became enthu-

siastically devoted to science, while they learned its methods from example

even more than from precept. "Will any one have the courage to assert that

organic chemistry, with its many applications to the uses of mankind, would

have made in a few short years the marvellous strides it has done, if Science,

now as in mediaeval times, had pursued her work in strict seclusion,

SeiDota ab nostris rebus, seiunctaque longe,

Ipsa suis pollens opibus, nil indiga nostri ?

But while the Universities otight not to apply their resources in support
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of a measure -vrhich would render their teaching ineffective, and would at the

same time dry up the springs of intellectual growth, they ought to admit

freely to university positions men of high repute from other universities, and

even without academic qualifications. An honorary degree does not neces-

sarily imply a university education ; but if it have any meaning at all, it

implies that he who has obtained it is at least on a level with the ordinary

graduate, and should be eligible to university positions of the highest trust.

Not less important would it be for the encouragement of learning

tkroughout the country that the English Universities, remembering that

they were founded for the same objects, and derive their authority from a

common source, should be j^repared to recognize the ancient universities of

Scotland as freely as they have always recognized the Elizabethan University

of Dublin. Such a measure would invigorate the whole university system

of the country more than any other I can think of. It would lead to

the strengthening of the literary element in the northern, and of the

practical element in the southern universities, and it would bring the highest

teaching of the country everywhere more fully into harmony with the

requirements of the times in which we live. As an indirect result, it could

not fail to give a powerful impulse to literary pursuits as well as to scientific

investigations. Professors would be promoted from smaller positions in

one university to higher positions in another, after they had given proofs

of industry and ability ; and stagnation, hurtful alike to professorial and

professional life, would be effectually prevented. If this union were estab-

lished among the old universities, and if at the same time a new univer-

sity (as I myself ten years ago earnestly proposed) were founded on sound

principles amidst the great populations of Lancashire and Yorkshire, the

university system of the country would gradually receive a large and useful

extension, and, without losing any of its present valuable characteristics,

would become more intimately related than hitherto with those great indus-

tries upon which mainly depend the strength and wealth of the nation.

It may perhaps appear to many a paradoxical assertion to maintain that

the industries of the country should look to the calm and serene regions

of Oxford and Cambridge for help in the troublous times of which we
have now a sharp and severe note of warning. But I have not spoken

on light grounds, nor without due consideration. If Great Britain is to

retain the commanding position she has so long occupied in skilled manu-

facture, the easy ways which (owing partly to the high qualities of her

people, partly to the advantages of her insular position and mineral wealth)

have sufficed for the past, will not be found to suffice for the future.

The highest training which can be brought to bear on practical science

will be imperatively required ; and it will be a fatal policy if that training

is to be sought for in foreign lands, because it cannot be obtained at home.

The country which depends unduly on the stranger for the education of

/2
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its skilled men, or neglects in its highest places this primary duty, may ex-

pect to find the demand for such skill gradually to pass away, and along

with it the industry for which it was wanted. I do not claim for scien-

tific education more than it will accomijlish, nor can it ever replace the

after-training of the workshop or factory. Rare and powerful minds have,

it is true, often been independent of it ; but high education always gives an

enormous advantage to the country where it prevails. Let no one suppose

I am now referring to elementary instruction, and much less to the active

work which is going on everywhere around us, in preparing for examina-

tions of all kinds. These things are all very useful in their way ; but it is

not by them alone that the practical arts are to be sustained in the country.

It is by education in its highest sense, based on a broad scientific founda-

tion, and leading to the application of science to practical purposes—in itself

one of the noblest pursuits of the human mind—that this result is to be

reached. That education of this kind can be most eff'ectively given in a

university, or in an institution like the Polytechnic School of Ziirich, which

differs from the scientific side of a university only in name, and to a large

extent supplements the teaching of an actual university, I am firmly con-

vinced ; and for this reason, among others, I have always deemed the estab-

lishment in this country of Examining Boards with the power of granting

degrees, but with none of the higher and more important functions of a

university, to have been a measure of questionable utility. It is to Oxford

and Cambridge, widely extended as they can readily be, that the country

should chiefly look for the development of practical science ; they have abun-

dant resources for the task ; and if they wish to secure and strengthen their

lofty position, they can do it in no way so effectually as by showing that in

a green old age they preserve the vigour and elasticity of youth.

If any are disposed to think that I have been carrying this meeting into

dream-land, let them pause and listen to the result of similar efforts to those

I have been advocating, undertaken by a neighbouring country when on the

verge of ruin, and steadily pursued by the same country in the climax of its

prosperity. " The University of Berlin," to use the words of Hofmann,
*' like her sister of Bonn, is a creation of our century. It was founded in

the year 1810, at a period when the pressure of foreign domination weighed

almost insupportably on Prussia ; and it will ever remain significant of the

direction of the German mind that the great men of that time should have

hoped to develop, by high intellectual training, the forces necessary for the

regeneration of their country." It is not for me, especially in this place, to

dwell upon the great strides which Northern Germany has made of late years

in some of the largest branches of industry, and particularly in those which

give a free scope for the application of scientific skill. " Let us not sup-

pose," says M. "VVurtz in his recent report on the Artificial Dyes, " that

the distance is so great between theory and its industrial applications. This
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report would have been written in vain, if it had not brought clearly into

view the immense influence of pure science upon the progress of industry.

If unfortunately the sacred flame of science should burn dimly or be extin-

guished, the practical arts would soon fall into rapid decay. The outlay

which is incurred by any country for the promotion of science and of high

instruction will yield a certain return ; and Germany has not had long to wait

for the ingathering of the fruits of her far-sighted policy. Thirty or forty

years ago, industry could scarcely be said to exist there ; it is now widely

spread and successful." As an illustration of the truth of these remarks, I

may refer to the newest of European industries, but one which in a short

space of time has attained considerable magnitude. It appears (and I make

the statement on the authority of M. Wurtz) that the artificial dyes produced

last year in Germany exceeded in value those of all the rest of Europe, in-

cluding England and France. Yet Germany has no special advantage for

this manufacture except the training of her practical chemists. We are not,

it is true, to attach undue importance to a single case ; but the rapid growth

of other and larger industries points in the same direction, and will, I trust,

secure some consideration for the suggestions I have ventured to make.

The intimate relations which exist between abstract science and its appli-

cations to the uses of life have always been kept steadily in view by this

Association, and the valuable Reports, which are a monument to the indiistry

and zeal of its members, embrace every part of the domain of science. It is

with the greater confidence, therefore, that I have ventured to suggest from

this Chair that no partition wall should anywhere be raised up between pure

and applied science. The same sentiment animates our vigorous ally, the

French Association for the Advancement of Science, which rivalling, as it

already does, this Association in the high scientific character of its proct^ed-

ings, bids fair in a few years to call forth the same interest in science and its

results, throughout the great provincial towns of France, which the Erilish

Association may justly claim to have already efi'ected in this country. No
better proof can be given of the wide base upon which the French Associa-

tion rests, than the fact that it was presided over last year by an able repre-

sentative of commerce and industry, and this year by one who has long

held an exalted position in the world of science, and has now the rare di-

stinction of representing in her historic Academies the literature as well as

the science of France.

Whatever be the result of our efforts to advance science and industry, it

requires no gift of prophecy to declare that the boundless resources which

the supreme Author and Upholder of the Universe has provided for the use

of man will, as time rolls on, be more and more fully applied to the im-

provement of the physical and, through the improvement of the i)hysical, to

the elevation of the moral condition of the human family. Unless, however,

the history of the future of our race be wholly at variance with the hi&tory
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of the past, the progress of mankind will be marlced by alternate periods

of activity and repose ; nor will it be the work of any one nation or of

any one race. To the erection of the edifice of civilized life, as it now

exists, all the higher races of the world have contributed ; and if the balance

were accurately struck, the claims of Asia for her portion of the work would

be immense, and those of Northern Africa not insignificant. Steam-power

has of late years produced greater changes than probably ever occurred be-

fore in so short a time. But the resources of Nature are not confined to

steam, nor to the combustion of coal. The steady water-wheel and the rapid

turbine are more perfect machines than the stationary steam-engine ; and

glacier-fed rivers with natural reservoirs, if fully turned to account, would

supply an unlimited and nearly constant source of power depending solely

for its continuance upon solar heat. But no immediate dislocation of indus-

try is to be feared, although the turbine is already at work on the Rhine and

the Ehone. In the struggle to maintain their high position in science and its

applications, the countrymen of Newton and Watt will have no ground for

alarm so long as they hold fast to their old traditions, and remember that

the greatest nations have fallen when they relaxed in those habits of intelli-

gent and steady industry upon which all permanent success depends.
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Twelfth Report of the Committee for Exploring Kent's Cavern,
Devonshire, the Committee consisting of John Evans, F.R.S., Sir
John Lubbock, Bart., F.R.S., Edward Vivian, M.A., George
Busk, F.R.S., William Boyd Dawkins, F.R.S., William Aysh-
FORD Sanford, F.G.S., John Edward Lee, F.G.S., and William
Pengelly, F.R.S. (Reporter).

The Eleventh Eeport, presented by the Committee to the Association during
the Meeting at Bristol in 1875, and read to the Geological Section *, brought
up the narrative of the exploration to the end of July of that year. From
that date the work, which is still in progress, has been carried on uninter-
ruptedly, in all respects as in previous years ; and it is intended in the
present Report to describe the researches made during the thirteen months
ending 31st of August of the present year.

Though the Committee have still the satisfaction of stating that they retain
the valuable services of George Smerdon, foreman of the work, they have to add
that Nicholas Luscombe, who had been engaged a short time before the Eleventh
Report was drawn up, was obliged to leave very soon afterwards on account of
illness, and that there was some difficulty in supplying his place, there being
a great demand for labourers at Torquay. At the beginning of September,
however, they engaged a young man named AVilliam Matthews, who has
given complete satisfaction, and is still at work in the Cavern.

The Superintendents have had the pleasure, as in former years, of con-
ducting a large number of persons into the Cavern, of explaining to them on
the spot the mode of working, and describing the facts which have been dis-

covered, as well as of settiug forth their bearing on Palasontology and
Anthropology. The following may be mentioned as amongst the visitors since

the Eleventh Eeport was presented :—Lord Erskine, Hon. J. C. Erskine, Sir

J. L. Duntze, Sir L. Palk, Sir J. Walroud, Colonel Eridges, Colonel Buckle
(Bangalore), Major Lang, Captain F. G. D. Watson, the Eevds. Chancellor
Benson, T. Hincks, W. E. Stevenson, and E. E. Wolfe, Dr. Boycott, Professors

* See Eeport Brit. Assoc. 1875, pp. 1-13.

1876. B
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H E. Roscoe and W. C. Williamscn, and Messrs. A. S. Bicknell, G. E.

Bicknell, H. C. Browne, J. L. Budgett, T. Budgett, G. Cheney, A. H. Clerk,

E. Conway, W. W. Crowfoot, C. D. Engelhart (Stockholm), A. E. Fletcher,

W. Francis, H. Green, C. Hart, H. Hayes, P. Hickson, S. J. Hickson, T. A.

Hickson, E. Howard, A. D. Jessup (U. S. A.), A. J. Jones, E. C. Lang, C. J.

Lilly C Pannel, G. Pycroft, N. F. Eoberts, E. G. Stone, E. C. Tancock,

E. H. Tiddeman, W. A. Trail, F. F. Tuckett, A. M. TurnbuU (Natal), P. S.

Wilkinson, E. W. Williamson, J. E. Wolfe, G. WoUen, and a large number

of ladies. The Cavern has also been visited by numerous persons who have

been attended by the " Guid*e," i. e. the foreman of the work, under arrange-

ments laid down by the Superintendents.

The Great Overu—Your Committee stated last year that on the 27th of July,

1875 (five days before their Eleventh Eeport was drawn up), they began the

exploration of the small passage or tunnel known as " The Great Oven,"

which connects with one another " The Cave of Inscriptions " and " The

Bear's Den," the two remotest chambers of the Cavern. The Great Oven may

be said to consist of three Beaches, the Eastern, Central, and Western, all of

them, and especially the Central, being very contracted in height and width.

The Western Eeach (the only one which has been explored) extends tortuously,

from its commencement in the south-west corner of the Cave of Inscriptions

towards E.S.E., for a distance of 58 feet, where it is succeeded by the Central

Eeach, and throws oft' two branches, one in a northerly and the other in a

southerly direction. At its mouth, or junction with the Cave of Inscriptions,

it is 8 feet high from the limestone roof to the bottom of the usual four-feet

excavation made by the Committee. Its width is commonly about 4 feet

;

but at one point it contracts to 3 feet, and at another expands to 7 feet.

Throughout its entire length, and especially at and near the entrance, the

roof and walls have the aspect of a well-worn watercourse. A few small

lateral ramifications open out of the walls, almost all of them being quite

empty and well worn by the action of flowing water. How far they extend

cannot be determined, as they are too narrow for investigation.

In the Western Eeach of the Great Oven there was no continuous Floor of

Stalagmite, though here and there portions of such a floor, perhaps never

continuous, adhered to and projected from the walls ; and pieces of stalagmite,

as well as detached " Paps " of the same material, occurred in the deposit

below. There was no reason to suppose that earlier explorers had ever

worked in this branch of the Cavern.

As in the adjacent chambers and galleries, the deposits consisted of a thin

layer of " Cave-earth " above, and "Breccia" below ; and throughout the Eeach

the one lay immediately on the other, without any intermediate Crystalline

Stalagmite, such as occurs in typical sections. At the entrance, and up to

34 feet from it, the usual four-feet sections failed to reach the bottom of tho

Breccia, so that its depth is undetei mined; but at the point just named,
the limestone floor was found at a depth of 3"5 feet below the upper siirface

of the Cave-earth ; and thence to the inner end of the Eeach the floor was
found everywhere at a depth of 4 feet at most, and frequently at but little

more than 2 feet, thus displaying a continuous Limestone Floor for a length

of 24 feet—a fact without a parallel in the history of the exploration. At the

innermost end the height of the Eeach was 8*5 feet, from Limestone Eoof to

Limestone Floor. The upper surface of the Cave-eaith was an irregularly

inclined plane, ascending 8 feet from the entrance inwards, or rising at a

mean gradient of about 1 in 7 ; whilst the Limestone Floor was inclined in the

same direction at a higher mean gradient and with still greater irregulai'ity.
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The discoveries in this branch of the Cavern were neither numerous nor
important. The total number of " finds," inchiding the few mentioned in the
Eleventh Eeport, amounted to 50. The remains found in the Cave-earth
included 2 teeth of HyaeHa, 6 of Eear, 10 of Ox, 1 plate of a small molar of
Mammoth, several bones and pieces of bone, including an astragalus of Horse,
a few coprolites of Hyaena, a portion of a flint flake (No. 6672), and a flint

chip (No. 6661).

The flint flake (No. 6672) is of a pretty uniform cream-colour, almost a
parallelogram in outline, 1-4 inch long, -7 inch broad, abruptly terminated at
each end, one of which retains the original surface of the nodule from which
it was struck, and -3 inch in greatest thickness, which it attains near the
butt end. The inner face is slightly concave; the outer is very convex,
and consists of three planes or facets, the central one commencing near the
butt end, whilst those on each side of it extend the entire length of the flake.

Its ridges and (excepting a very few smaU notches) its lateral edges are quite
sharp, and show that it can have had little or no wear and tear in any way,
and that in all probability it reached the spot in which it was found, not by
the transporting action of water, but by human agency ; in short, that man
intentionally took it to, or accidentally left it in, one of the brajiches of the
Cavern most remote from the known external entrances. It occurred with
chips of bone, within a foot of the upper surface of the Cave-earth, 40 feet

from the mouth of the Great Oven, on 13th October, 1875.
The specimens found in the Breccia were 8 teeth of Bear and a few bones,

none of which call for special description.

Besides the foregoing, there were 2 teeth of Bear and some bones and pieces

of bone found at and near the junction of the two deposits, where, there
being no separating stalagmite, it was not always easy to determine whether
they belonged to the Cave-earth or to the Breccia, without trusting entirely

to the mineral characters of the specimens themselves.

The Central or most contracted Eeach, that from which the Great Oven
more especially takes its name, is a perfectly empty tunnel, of elliptical

transverse section, about 2-75 feet high and 325 feet wide, with roof and
walls and floor so strikingly smooth as to denote a weU-worn and completely
fiUed watercourse, extending through the limestone in an easterly direction

for a distance of 20 feet, where it is succeeded by the Eastern Eeach, which
finally terminates in the Bear's Den, whence its exploration can alone be
undertaken.

The two branches which the "Western Eeach throws off at its inner end,

one on each side of the Central Eeach, are filled with deposits from roof to

floor ; but as they are, at least at their entrances, very contracted in both
height and breadth, as the deposits they contain form a most intractable

concrete, and as the specimens found in their vicinity were comparatively
few and unimportant, the Superintendents closed their attempts to explore
them, at least for the present, and left the Great Oven on 27th October,

1875, having spent about three months on it.

Tlie Labyrinth.—Three branches of the Cavern, known as " The Charcoal
Cave," " Underhay's Gallery," and " The Labyrinth," open out of the left or
eastern wall of " The Long Arcade," described in previous Eeports *. The
first two have been explored and reported onf; but the Committee had
undertaken no researches in the Labyrinth, the innermost and most important

* See Eeiwrts Brit. Assoc. 1872, pp. 44-47 ; 1873, pn. 198-209; and 1874, pp. 3-6.

t lUJ. 1872, pp. 38-44; and 1874, pp. 6-9.



4 REPORT 1876.

of them, -when the Eleventh Eeport was presented. When Mr. MacEnery
and his contemporaries commenced their labours in the Cavern, the existence

of this chamber was probably known to but very few persons, as what
appeared to be its two entrances must have been so nearly filled with deposits

of different kinds as to reduce them to the size of mere pigeon -holes ; and it

is perhaps worthy of remark, by way of confii'mation, that though it contained

large and lofty bosses of stalagmite, such as visitors loved to enrich with

their names or initials, the only inscription found in it is dated many years

after the commencement of Mr. MacEnery's researches.

The entrance to the Labyrinth is about 190 feet from the mouth of the

Long Arcade, and 280 feet from the nearest external entrance to the Cavern.

The name of Labyrinth was given to it on account of the difficulty which,

without a guide, visitors experienced in threading their way between the

numerous masses of fallen limestone and the large bosses of stalagmite which

occupied its floor. In fact it was not only the most bewildering branch of the

Cavern, but even persons somewhat familiar with the scene so constantly

" lost their bearings " as to be unable, even after emerging from it, to tell

whether their way out of the Cavern lay to the right hand or to the left.

" There was," says Mr. MacEnery, " a tradition of the loss of life here by a

young man who ventured to explore it without a guide. It is certain that

two gentlemen who lost their light and way spent a night of horror here,

dreading to advance for fear of falling into the pits .... they remained im-

movable until their friends came to their relief, alarmed by their absence " *.

In another passage, speaking of the Labj-rinth as " The Zigzag Eoute,"

he says, " Of the dangerous intricacies of this section of the Cavern a memo-
rable and nearly fatal illustration occurred during the American War. Some
officers of the fleet then stationed in Torbay had the hardihood to attempt to

explore it without a guide. Having lost their clue, they wandered about in

the vain hope of retracing their steps, during which their torches were burnt

out. They then groped about in different directions and separated. After a

night .of horror they were released by their friends, who, alarmed at their

absence, recollected the projected adventure and hastened to their deliver-

ance "t.
The Labyrinth extends from the Long Arcade, in a south-easterly direction,

for about 46 feet, throwing off three narrow branches at and near its inner

end. Of these, the central one, opening out of the south-eastern corner, and
which it is proposed to call " Matthews's Passage," after one of the workmen,
leads into the Bear's Den ; another, the mouth of which is immediately

adjacent and opens out of the north-eastern wall, has long been famous as
" The Little Oven," and has its other end on the mass of limestone known as

" The Bridge "t, at a distance of upwards of 60 feet towards the north ; whilst

the third, commencing in the southernmost corner, extends for a distance of

at least from 15 to 20 feet towards the south-west. The Labyrinth is com-
monly from 17 to 18 feet wide, but expands at one point to 22 feet, and
contracts at another to 15 feet; its greatest height is 18 feet, measured from
the bottom of the excavation.

The walls and roof, though by no means without traces of the erosive action

of flowing water, are in most places extremely rugged, and suggest by their

fretted aspect that even the last of the numerous blocks of limestone encum-
bering its floor must have fallen a long time ago.

* See Trans. Devon. Assoc, vol. iii. (1869), p. 238.

t Ibid. p. 460.

\ See Eeport Brit. Assoc. 1873, p. 199.
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It is separated from tlie Long Arcade by a massive curtain of limestone,
descending from the roof to the depth of 9 feet, across a space about 18 feet

wide, being, so to speak, slightly looped up at each end to form two small
entrances. Observers unaccustomed to caverns are not unlikely to speculate

on the cause which prevents the fall of this mass, and to hasten on lest the
time before the event occurs may be undesirably brief.

Mr. MacEnery had conducted some diggings in the Labyrinth, and had
carried them to a depth of at least three feet at one of the entrances, so that
by assuming a stooping posture ingress and egress became possible. In all

other parts of the chamber his work was much less deep, and, on account of

the state of the floor, was necessarily discontinuous.

Omitting the large blocks of limestone, the deposits were :—Eii'st, or upper-
most, a Floor of Granular Stalagmite, from which there arose several huge
bosses also of Stalagmite, one of which was 11 feet high above the floor, whilst

its base occupied a rudely circular space fully 15 feet in mean diameter.

Second, a layer of Cave-earth, rarely amounting to more than a foot in

depth, and sometimes to not more than a few inches, whilst it occasionally

reached as much as 2 feet.

Third. Though it may be doubted whether there ever was a Floor of the
more ancient, the Crystalline, Stalagmite in the Labyrinth, the lower, and by
far the greater, part of the bosses mentioned above was of that variety, and
was covered with a comparatively thin envelope of the Granular kind, without
any mechanical deposit between them.

Eourth, the Breccia, or, so far as is known, the most ancient of the Cavern
deposits, lay immediately beneath the Cave-earth, from Avhich there was
nothing to separate it, and extended to a depth exceeding that to which the
excavations were carried.

In looking at the facts as they presented themselves, day after day, the
following appears to be not improbably the history of the deposits in this

branch of the Cavern.

During, as well as after, the deposition of the Breccia, with its ursine relics,

stalagmite, having now a crystalline texture, was in course of precipitation,

and in such a way as to form, not sheets ov floors, but bosses oi a more or less

conical form, which, whilst they rested on Breccia, had their lower slopes

covered with the same material, so that their bases were deeply buried in

that ancient deposit. After the close of the era of the Breccia, the precipi-

tation was still carried on, but, as before, in such a way as to add to the

volume of the bosses, and not to produce a floor. Then came the deposition

of the Cave-earth, containing remains of Bear, Lion, Fox, Hyajna, Mammoth,
Ehinoceros, Horse, Ox, and Bird—all of them, with the exception of the first

three, unknown to the Breccia. Later still was the precipitation of that

stalagmite which is granular instead of crystalline, and which not only added
to the dimensions of the already massive bosses, but flowed out in sheets and
covered the Cave-earth. Whilst all these successive operations were in pro-

gress, blocks of limestone from time to time fell from the roof—some of them
being buried in the Breccia at depths the excavators have not reached, some
lying loose on the Floor of Granular Stalagmite, and others occupying all

intermediate zones and representing all the intervening periods.

In order to achieve the thorough exploration of the Labyrinth, it was
necessary to break up all the bosses of stalagmite with the exception of the

largest of them, of which a portion has been left intact, it being believed that

it shows strikingly the utter inadequacy of the data derived from a boss to

solve the problem of the amount of time represented by a floor, and vice versd.

o
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Before directing the workmen, however, to remove any of these stalagraitic

accumulations, the Superintendents carefully examined them for inscriptions.

Nevertheless, one inscription was overlooked—that already referred to as the

only specimen of the kind within the Labyrinth ; and it was not until a

portion of the largest boss was blasted oif that it was found to have on it

" G. Knight, June 1, 18.36."

The upper surface of both the Cave-earth and the Breccia rose, with some

irregularities, 38 inches from the mouth of the Labyrinth to its innermost

extremity, giving a mean ascending gradient of about 1 in 17.

The total number of " finds " in this branch of the Cavern was 135, and

the specimens they included were as follow :

—

Lying on the surface.—Three portions of ribs and two other bones (No.

6780), the two latter having been cut with a sharp tool, perhaps by an

existing butcher, and one bone of Bat in a heap of " Pipes " of Stalactite,

probably collected by man.
In the Granular Stalagmite.—One tooth of Lion.

In the Cave-earth.—32 teeth of Hyoena, 7 of Bear, 6 of Fox, 3 of Horse,

2 of Rhinoceros, 3 plates of a molar of a young Mammoth, 1 of Lion, 1 of

Ox, and 1 of Sheep (of doubtful position) ; several bones and portions of bone,

including a tarsus of Bird, and two pieces of bone apparently charred ; 1

coprolite; and 1 small chip of f jit.

In the CnjstaUine Stalagmite.—6 teeth of Bear, of which 5 were in one

and the same jaw.

In the Breccia.—215 teeth of Bear, and a considerable number of bones, of

which many are good specimens.

As in all other parts of the Cavern where he had made researches, IVfr.

MacEnery simply cast aside the material he dug up, without taking it to the

exterior for final examination. The Superintendents took outside the

Cavern the " broken ground " met with in the Labyrinth and examined it

carefully by daylight, as in all previous cases of the kind. It yielded 17
teeth of Bear, 14 of Hya3na (three of them in pieces of jaws), 2 of the Gigantic

Irish Deer (in part of a jaw), 1 of Deer, 1 of Horse, 1 of Sheep ; bones and

pieces of bono ; and i^art of a Crab's claw, no doubt quite recent.

The exploration of the Labyrinth, commenced on October 28, 1875, was
completed on July 10, 1876, upwards of 8 months having been spent on it.

MattJieivs^s Passage.—Having finished their researches in the Labyrinth,

the Committee proceeded at once to explore the small branch leading from it

to the Bear's Den, and termed, as already stated, Matthews's Passage, thus

leaving the two other and adjacent small ramifications to be undertaken on
some future occasion. To this course they were tempted partly on account

of the severe and protracted labour which, from their very limited breadth
and the character of their deposits, must attend the excavation of these

branches, and partly by the wealth of osseous remains which, from Mr. Mac-
Enery's description, they are likely to find in the Bear's Den.

Matthews's Passage consists of two Reaches : the first, opening out of the
Labyrinth, extends for about 14 feet towards the south-east, where the
second turns sharply towards east-north-east, and after a somewhat tortuous
course for about 15 feet, enters the Bear's Den. Their height is from 9 to

10 feet almost everywhere (measuring, as usual, from the bottom of the
excavation, which nowhere reaches the limestone floor), and they vary from 3-5

feet to 7 feet in width. The walls and roof, the latter especially, bear evident
traces of the erosive action of a flowing stream, succeeded by the corrosion
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due, no doubt, to acidulated water, as the surfaces are mucli fretted. Holes,
having the aspect of mouths of small watercourses, open out of the walls and
roof in various places ; and about midway in the Second Reach the roof rises

into a small water-worn dome, from the apex of which a cylindrical flue ascends
iuto the limestone, and, like the watercourses just mentioned, is quite
empty.

There were but scanty traces of a Stalagmitic Floor in the First Reach, in

which, however, the earlier explorers had here and there broken ground

;

but throughout the entire length of the Second Reach a Floor of Granular
Stalagmite extended from wall to waU, varying from 10 to 24 inches in
thickness ; and at about 10 fest from its entrance there was also a portion of

a Floor of Crystalline or old Stalagmite adhering to the left wall, whence it

probably never extended to the opposite side. It was about 15 inches thick,

below and almost in contact with the Granular Floor, but separated from it

by a layer of Cave-earth about one inch thick.

The mechanical deposits in the First Reach were the usual thin layer of
Cave-earth above, and the Breccia of unknown depth below ; but in the
Second Reach the space beneath the Stalagmitic Floor was mainly occupied
with large loose masses of limestone, some of which required to be blasted

more than once in order to remove them. The spaces between them were
filled with Cave-earth or Breccia, with comparatively few specimens of any
kind.

The upper surface of the Cave-earth was almost perfectly horizontal in the
First Reach; but in the Second there was a gradual and total ascent of 27
inches, giving a mean gradient of about 1 in 7 for that Reach.

Matthews's Passage yielded a total of 49 " finds," consisting of specimens
which may be thus distributed :

—

In the Cave-earth.—26 teeth of Hytena (some of them in portions of jaws),

2 of Bear, 1 of an immature Mammoth, 1 of Fox, and a considerable

number of bones, many of them being more or less broken and a few of

them gnawed.
In the Breccia.—100 teeth of Bear and a large number of bones, including

many good specimens. The richest " finds " were met with in a small
narrow recess in the outer angle at the junction of the two Reaches, where
the teeth and bones lay huddled confusedly together, suggesting that a rush
of water had probably carried them to the spot they occupied.

No trace of man was detected in any part of this branch of the Cavern.

The exploration of Matthews's Passage, begun on 11th July, 1876, was
completed on 31st August, having occupied about 7 weeks : and operations

were commenced in the Bear's Den on 1st September.

In looking over the work accomplished, and the discoveries made, since

the Eleventh Report was presented at Bristol in 1875, the following note-

worthy facts present themselves :
—

1st. In their Eleventh Report the Committee sketched the distribution in

the Cavern of the remains of the various species of Mammals which characterize

the Cave-earth. Of this sketch the following is a brief summary:—The
Hyaena had been met with wherever the Cave-earth was found ; the Hare had
not been detected anywhere in the " Western Division " of the Cavern

—

that most remote from the external entrances ; the Badger, Wolf, and Ox
had not been found beyond the " Charcoal Cave ; " and relics of Horse,

Rhinoceros, Deer, Fox, Elephant, and Lion had not appeared beyond the
" Long Arcade."
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The discoveries which have since been made require that this sketch should

be corrected in the following particulars :—Remains of Ox, Horse, Ehinoceros,

Deer (?), Fox, Elephant, and Lion have all now been found beyond the Long
Arcade, in one or more of the three branches of the Cavern explored since

the Bristol Meeting. In all other particulars the distribution remains at

present as sketched in 1875.

2nd. No tooth, or, so far as is at present known, other trace of Maehcdrodus

latidens has been met with since the last Eeport Avas drawn up. In short, the

only evidence of the presence in the Cavern of this extinct species of Mammal
which the Committee have detected during the continuous labour of almost

twelve years, is the one solitary, but well-marked, incisor found 29th Julj^,

1872—a fact well calculated to impress one with the unsatisfactory nature

of merely negative evidence. It cannot be doubted that had this compara-

tively small specimen been overlooked, the palseontologists who, prior to its

discovery, were sceptical respecting the occurrence of MacJiairodus in Kent's

Hole, as stated by Mr. MacEnery, would have believed their scepticism to be

strongly confirmed by the labours of your Committee, whilst the number of

their followers would have been greatly increased.

3rd. As has been already stated, the Committee commenced the exploration

of the Labyrinth on 28th October, 1875, and from that time to 31st August,

1876 (a period of upwards of ten months), they were occupied in it and in

Matthews's Passage, both of which they completely explored
; yet, during all

that time, and in those two important branches of the Cavern, they found no

trace whatever of prehistoric man. Had your Committee, on receiving their

appointment from the British Association in 1864, commenced their researches

in either of the branches just named (and such a course was by no means
without its advocates), instead of beginning at the external mouth of the

Cavern and proceeding thence steadily through the successive chambers and
galleries, there can be little or no doubt that Kent's Hole would have been

pronounced to be utterly destitute of any evidence on the question of Human
Antiquity, and but poorly furnished with the remains of extinct Mammalia.
The work would probably have been closed without going further, to the

great loss of Anthropology and Palaeontology, as well as of popular education

in these important branches of science.

Report of the Committee, consisting of Prof. Sylvester, Prof.

Cayley, Prof. Hirst, Rev. Prof. Bartholomew Price, Prof. H. J.

S. Smith, Dr. Spottiswoode, Mr. R. B. Hayward, Dr. Salmon,
Rev. Prof. R. Townsend, Prof. Fuller, Prof. Kelland, Mr. J. M.
Wilson, Prof. Henrici, Mr. J.W. L.Glaisher, andVroi'. Clifford,
appointed for the purpose of considering the possibility of Imjiroving
the Methods of Instruction in Elementary Geometry, and reappointed
to consider the Syllabus drawn up by the Association for the Im-
provement of Geometiical Teaching, and to report thereon. Drawn
up by Mr. Hayward.

In a previous Eeport (Report for 1873, p. 459) the Committee recognized the
fact that the main practical difficulty in effecting an improvement in the
existing methods of teaching elementary geometry is that of reconciling the
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claims of the teacher to greater freedom with the necessity of one fixed and
definite standard for examination purposes. They also expressed their con-

viction that " no text-hook that has yet heen produced is fit to succeed Euclid

in the position of authority ;

" and that in the absence of such a text-book,

whether the existence of a standard authority in the future such as Euclid

has been in the past be regarded as desirable or not, it is important to secure
" the requisite degree of uniformity and no more by the pubhcation of an
authorized Syllabus " of propositions in a definite sequence, which should be

regarded as a standard sequence for examination purposes, and subject to

which alone any amount of variety in demonstration and general treatment

of the subject should be admissible.

As it was understood that the Association for the Improvement of Geo-
metrical Teaching was engaged in the task of drawing up such a Sj'Uabus, no
further action was taken by the Committee until the present year, when, the

Syllabus having been completed and published, they have proceeded to con-

sider the same in accordance with the instructions contained in the resolution

reappointing the Committee.

The Committee have not considered it to bo their duty to examine the

Syllabus in minirte detail, but rather to report on its general character and
its fitness as a basis for an authorized standard sequence of propositions.

The Committee have no hesitation in stating at the outset, as the result of

their consideration of the Syllabus as a whole, that it appears to have been
drawn up with such care, and with such regard to the essential conditions of

the problem, as to render it highly desirable that it should be considered in

detail by authorized representatives of the Universities and the other great

examining bodies, of the United Kingdom with a view to its adoption, subject

to any modifications which such detailed consideration may show to be
necessary, as the standard for examinations in Elementary Geometry.

It may be well to observe that the adoption of this or some such standard

SyUabus would not necessitate the abandonment of the 'Elements of Euclid'

as a text-book by such teachers as still preferred it to any other, as it would
at the utmost involve only such supplementary teaching as is contained in

the notes appended to many of the editions of Euclid now in use ; while it

would greatly relieve that large and increasing body of teachers, who demand
greater freedom in the treatment of geometry than under existing conditions

they can venture to adopt.

Having thiis expressed their opinion of the general merits of the Syllabus

as a whole, the Committee have only further to add a few remarks on its

more important features, which may serve to call attention to those points in

which it differs from Euclid, and which give it a claim on the consideration

of aU who are interested in the improvement of instruction in Geometry.

1. Geometrical. Constructions.

It has been found, in the experience of many who have taught Geometry to

young beginners, that the attainment of a firm grasp of its fundamental con-
ceptions and methods is much facilitated by a series of exercises in con-
structions made with the ruler and compasses, such exercises being given
either as preliminary to, or simultaneously with, the study of the earlier parts

of Theoretical Geometry. A judicious selection of such exercises is prefixed

to the Syllabus ; and the Committee remark with approval that here, as well
as in the Postulates of Book I., the use of the compasses for direct transference

of distances is formally admitted.
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2. Logical Introduction,

The Syllabus is further prefaced with an introduction, in which are collected
together and formulated the most important logical relations of the several
propositions logically associated with a given proposition,namely its converse, its

obverse (sometimes called its opiiosite), and its contrapositive. It is distinctly
stated, in a note prefixed to this introduction, that it is not intended that a
study of the abstract logical j-elations contained in it should precede the study
of Geometry, but that the introduction should be referred to from time to
time as instances of the applications of its principles arise, until the student
obtains such a grasp of the principles and rules as to be able to apply them
without difficulty. With this understanding the Committee regard the pro-
posed logical introduction as a valuable feature of the Syllabus.

3. Separation of Theorems and Problems—Loci.

Throughout the Syllabus, the Problems, instead of being interspersed among
the Theorems, are collected together in separate sections at the end of each
Eook. This may be regarded as equivalent to the assertion of the principle

that, while Problems are from their very nature dependent f()r the form, and
even the possibility, of their solution on the ai'bitrary limitation of the instru-

ments allowed to be used. Theorems being truths involving no arbitrary
element ought to be exhibited in a form and sequence independent of such
limitations. In other words, constructions may be rightly assumed in the
demonstrations of theorems, whether or not they have been shown previously
to be capable of being effected by ruler and compasses, provided only they
can be seen from the nature of the case, or be proved, to be possible. For
instance, the existence of the third part of an angle being regarded as

axiomatic, the impossibility of trisecting an angle with ruler and compasses
only ought to form no obstacle to the ])roof of a theorem for which the trisec-

tion of an angle is required. It should be remembered that the acceptance
of the principle here asserted by no means necessitates in ieacAinr/ that separa-

tion of Theorems from Problems which seems desirable in a syllabus. It is

probable that most teachers would prefer to introduce problems, not as a
separate section of geometry, but rather in connexion with the theorems with
Avhich they are essentially related. The S3'llabu8 in this respect leaves com-
plete freedom to the teacher.

The early introduction of the notion of a Locus and its use in the solution
of problems by the intersection of Loci the Committee regard with favour ; and
they observe with satisfaction that the Syllabus rightly insists on the demon-
stration of two theorems (a theorem, and either its converse or its obverse) as

necessary for the complete establishment of a locus, a point which is too often
neglected in the investigation of loci,

4. Book I. The Straight Line.

The Definitions are substantially those of Euclid. An attempt to give a
real definition of a straight line (Euclid's is only verbal) is to be commended,
though the wording is difficult, and would for a beginner require detailed

and familiar explanation.

The definition of an an|le is another of the elementary difficulties of Geo-
metry. The Syllabus in a note asserts that " an angle is a simple concept in-

capable of definition, properly so called," but enters into a somewhat detailed
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explanation in whicli the notion of rotation is freely but judiciously used. The
Syllabus does not (like Euclid) limit the notion of an angle to ono less than

two right angles, but it does not explicitly recognize an angle greater than

four right angles. Possibly, considering the difficulties of expression which

the complete notion of an angle of unlimited magnitude involves, this limita-

tion at the outset is wise. The Committee note with approval the use of the

term conjugate for the two angles which, being contained by the same pair of

lines drawn from a point, together make up four right angles.

They also approve the introduction of the term " identically equal " for

figures which, differing only in respect of position, can be made to coincide

•with one another, whilo the term "equal" is reserved for such as are equal

in area, but not necessarily in other respects.

The Syllabus divides the Axioms (as, indeed, Euclid did) into General

Axioms (Euclid's Kouai eyvoiai), which find their fitting place in the Logical

Introduction, and specially Geometrical Axioms (Euclid's aJr/z/iara), which

arc nearly those of EucUd—that about the equality of right angles being

omitted, while that asserting that "two straight lines cannot enclose a space"

is extended so as to assert coincidence beyond as well as between the two

points which coincide.

The Postulates are those of Euclid's ' Elements,' with a modification in the

third postulate, which admits of the direct transference of distances by the

compasses, as before remarked.

The Theorems of Book I. are mainly those of Euclid I. 1-34, rearranged.

The guiding principle of the rearrangement appears to have been the nearness

or remoteness of the theorems from the possibility of proof by the direct appli-

cation of the fundamental principle of superposition, the free use of this

principle being indicated as desirable in many cases where Euclid j^refers to

keep it out of sight.

The discussion of the cases of identical equality of two triangles is rendered

complete by the introduction of a theorem asserting the true conclusion from

the equality of two sides and a non-included angle in each, namely, that the

other non-included angles are either equal or supplementary, and that in the

former case only are the triangles identically equal.

For the treatment of Parallels, Playfair's Axiom that "Two straight lines

that intersect one another cannot both be parallel to the same straight line,"

has been substituted for Euchd's twelfth Axiom, and, in the opinion of the

Committee, judiciously. It may, in fact, be regarded as merely an improved

form of that axiom.

5. Book II. Areas.

This book contains in thirteen Theorems the various theorems contained in

Euclid between I. 35 and the end of Book II. Beyond noting the fact that it

brings together more completely than in Euclid those theorems which are

naturally related to one another, no comment is necessary which is not of the

nature of that detailed criticism which the Committee do not think it their

duty to offer.

6. Book III. TJie Circle.

In this Book the sequence of Theorems differs materially from that of

Euclid, those propositions being placed first which are fundamental in the

sense that they follow directly from supei-position. Other criticisms which
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miglit be offered on this part of the Syllabus are chiefly on points of detail on
which the Committee think it unnecessary here to enter.

They would remark, however, with respect to the two modes of treatment
of tangents in the Syllabus, that they would not recommend the second
(depending on the notion of limits) in any case as a substitute for the first,

however desirable it may be that it should be freely used by way of illustra-
tion and as leading up to the methods of Higher Geometry.

7. Eooks IV and V. Ratio and Proportion, and their application to Geometry

A theory of Proportion which shall be at once perfectly rigorous and com-
plete is necessarily difficult. The Committee recognize with satisfaction that
the Syllabus does not attempt to attain simplicity by any sacrifice of rigour,
nor in Book IV. by any sacrifice of completeness. In Book IV. the theory is

essentially that of Euclid in his famous, though (at the present day) little

studied, Fifth Book : it is suggested, however, by an unusually full indication
in this part of the Syllabus of the forms of demonstration recommended, that
his theory may be presented in a form more easy to be grasped and applied
by the adoption of the late Prof, de Morgan's notation, in which magnitudes
are denoted by capital letters, instead of by straight lines, and their multiples
by prefixing to the capitals small letters denoting integral numbers, instead
of denoting them by longer lines. Opinions will probably differ as to the
wisdom of retaining Euclid's treatment in any shape*; but the Committee
doubt whether any rival theory, which is equaUij rigorous and equallij com-
plete, would be more generally accepted.

It may, however, be thought that this complete theory is one which the
ordinary student can hardly be expected to master at an early stage of his
mathematical studies, even though he may be well prepared for the study of the
geometrical applications of the theory of Proportion. At the same time it is

undesirable that the study of Similarity of Figures &c. should be commenced
without some definite groundwork of demonstrated properties of Eatios and
Proportions. The Syllabus suggests a mode of meeting this difficulty by pre-
fixing to Book V. an indication of a method of treatment of the general
doctrine of proportion, in which greater simplicity is obtained, not by the
sacrifice of rigour, but by a certain sacrifice of completeness, in limiting the
magnitudes considered to such as are commensKrahle.
The notion of Eatio may be regarded as an extension and generalization of

the notion of quantvpUcity, the simplest expression of which is contained in
the question, "How many times does a magnitude A contain another magni-
tude B ? " This question may be generalized so as to apply to any pair of
commensurable magnitudes in two ways—the question taking the shape either
"How many times does A contain some aliquot part of B?" or else " What
multiples of A and B are equal to one another?" The former leads to a
treatment of proportion such as is usually given with more or less exactness
in treatises on Arithmetic or Algebra, while the latter leads to a treatment
similar in principle to Euclid's, but simplified by its limitation to commensu-
rables. The Syllabus indicates a few of the more important general properties
of proportion which ought to be proved by one or other of these methods, but
leaves it open to the teacher to adopt whichever mode of treatment he may
prefer.

In the Geometrical Applications of Proportion the Syllabus groups together

* Prof. Cayley is strongly of opinion that it^^ought to be retained.



ON THE B.A. UNITS OF ELECTRICAL RESISTANCE. 13

all the theorems which directly depend on the definition of proportion, indi-

cating that the demonstrations are to be adapted to the complete or to the

partial theory according as the one or other has been studied. Alter these

follow the usual standard theorems on Similar Pigures, &c., on which it is un-
necessary for the Committee to oifer any comment.

The Association for the Improvement of Geometrical Teaching has not yet

published any Syllabus of Solid Geometry. Should the present Syllabus of

Plane Geometry be successful in leading to the establishment of a standard

sequence of propositions in that subject, it is to be hoped that the Association

will continue its labours in the field of Solid Geometry, where the Committee

believe they are equally needed.

Results of a Comparison ofthe British-Association Units of Electrical

Resistance. By G. Chrystal and S. A. Satjnder*.

[A communication ordered by the General Committee to be printed in extenso

among the Reports.]

BifficuJtii's encountered.—The difficulties of the kind of measurement we
had to make are confined almost entirely to the temperature determinations.

Were it not for these a much higher degree of accuracy could be attained

;

for while resistances comparable with the B.A. unit can be measured with-

out difficulty to the 100,000th part, it is very difficult to determine the tempe-
rature of a wire imbedded in paraffin, as are the wires of the standards,

nearer than the one tenth of a degree Centigrade, an error to which extent

entails in some of the coils an error of -03 per cent, of resistance.

A mere comparison of the coils at the temperatures given on page 483 of

the B.A. Report on Electrical Standards (1867)t would hardly have been satis-

factory, since it would have given no check on the accuracy of the observa-

tions and atforded no information as to the temperature value of a variation

in resistance, and conversely.

Object aimed at.—The object aimed at in the experiments was to get the

diff'erences between the resistances of the several coils at some standard

temperature, and also the coefficients of variation of resistance with tempe-
rature in the neighbourhood of the standard temperature.

That it is inadmissible to apply to any given coil the variation-coefficient

for its supposed material, as found by Matthiessen and others from experi-

ments on naked wires, is abundantly evident. This appears very strikingly

in the case of coils Nos. 2 and 3 (A and B in our subsequent numbering) ; and
an examination of the results of Lenz, Arndtsen, Siemens, and others for

platinum shows that within certain limits its behaviour is very uncertain.

This arises no doubt from the presence of more or less iridium or other

platinoids, a small admixture of which, without altering the value of platinum
commerciall}', aftects its electric resistance very considerably.

* In the spring of last year a series of experiments was made by one of the authors

(G. Chrystal) with a view of comparing the different resistance-coils of the set of British-

Association units formerly deposited at Kew Observatory and now in the Cavendish
Laboratory at Cambridge. In the month of October a final set of experiments was made,
which was the work of both of us, sometimes working together and sometimes separately.

t Or Eeprint, p. 146.
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Preliminary experiments.—The preliminary experiments gave the differ-

ences between the coils and the variation-coefficients approximately.

The results appeated in some cases different from former measurements,

so that it was thought better not to rely on these, but to make a more careful

set of experiments on which to found the final comparison.

Ai^proximate coefficient of " Flat Coil " and Middle Coils.—The variation-

coefficient of the " Flat Coil " was taken from the preliminary experiments.

This was given by a fairly good series of ex]5eriment8 ; and a first approxi-

mation was considered sufficient, since the coil during the final experiments

never varied in temperature more tban two degrees, being always bathed in

the tap-water. A similar remark applies to the middle coils. The coils used

for middle coils were 29 and 43 (F and G) when neither of these was being

measured, in which case 2 and 3 (A and B) were used. The coefficients of

these coils, so far as required for small temperature-corrections, were taken

from the preliminary experiments.

Method of experimenting.—The method used in the final experiments was
as follows :

—

First. AH the coils (the flat coil, the two middle coils, and the coil to bo

compared with the flat coil) were bathed in a stream of tap-water, the tem-

perature of which was carefully taken by means of a Casella's thermometer

(lent us by Mr. Gordon), reading to tenths of a degree Centigrade and easily

estimable to hundredths. After the temperature of the stream had been con-

stant for twenty minutes or so, the difference between the coil to be compared

and the flat coil was found.

Secondly. Another series of experiments was made in which the flat coil

and the middle coils were kept at the temperature of the tap as before ; but

the remaining coil was raised by careful nursing, which lasted two hours or

more, to the temperature (or to one of the temperatures) at which, ac-

cording to the B.A. Report, it is correct.

Lastly. The coils Avere compared with each other at the standard tempera-

tures, the middle coils being kept at the temperature of the tap-water.

Variation-coefficients, how found.—The first two sets were used to give the

variation-coefficients, being peculiarly fitted to do so, because in them the

temperature of the flat coil did not alter much in comparison with the altera-

tion in the coil compared with it.

Differences between the coils, how found.—Then using the low-temperature

experiments the differences of resistance between the respective coils and the

flat coil (all at lO"^ C.) were found.

Control experinwnts, how used.—From this, of course, the difference

between any two coils at any temperatures could be calculated. This was
done for the old standard temperatures, and the results compared with the

results of direct experiment obtained from our third set of experiments.

This gave a test of the accuracy of our work ; and it is on this mainly that

we rely in claiming to have stated the temperatures at which the coils are

.

equal within 0°'l C. in all cases.

Degree of accuracy.—The degree of accuracy of resistance varies, of course,

for the different coils. For the platinum units 0"-l C. corresponds to a

variation of "03 per cent, resistance, for the platinum-silver to about -002

per cent.

In the B.A. Eeport, 1865 (p. 303)*, aUthe coils are stated to be accurate at

the temperatures indicated within -01 per cent. This corresponds to about

one thirtieth of a degree Centigrade for the platinum units. It is not stated

* Eeprint, p. 137
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how this degree of accuracy was attained. Some such statement was per-

haps necessarj', considering the difficulty of controlling the temperature of an

inaccessible wire, even within 1° Centigrade.

Arranr/ement ^'c. ofapparatus.—The instruments used in these experiments

for resistance measurements were theWheatstone's bridge and Thomson's gal-

vanometer belonging to the Association. The arrangements in the low-tempe-

rature experiments were as in the annexed figure. At one corner of a large

table is the bridge A B (see B.A. Report, 1864, p. 353*) ; by means of mercury-

cups at D and Gr, are inserted the flat coil and the coil being compared with it

;

at E and JF are similarly inserted the middle coils, which were always two of

the units, as small and as nearly equal in temperature-variation as possible.

X, Y, Z are three earthenware jars in which the coils are placed ; these stand in

a trough, V W, provided with a waste-pipe going to the sink. The jars were

kept constantly overflowing by means of a feed-pipe fitted with an ofi'set for

each. The temperature in all three jars was carefully observed, and it was

found that after the tap had been turned on for fifteen minutes or so the

temperature in all three in general became constant, and remained so within

a tenth of a degree for a long time. Now and then irregularities occurred,

which caused the rejection of the results concerned. Thin wires go from E
and from the contact-block C to the galvanometer at the other end of the

table. The last adjustments of the balance were made by observing the

spot on the galvanometer-scale with the telescope from where the ob-

server sits. The battery-circuit terminates at H and J, and is made and

broken by means of a treadle worked by the observer's foot. A small

Leclanche's cell was found sufficient to indicate a deviation from balance

of a tenth of a millimetre on the bridge-scale. Since the contact of the

block-piece could not be relied on within less than this, no higher battery-

power was ever used.

Thermoelectric disturbances.—To avoid thermoelectric currents, oAving to

the junction of copper with brass at the block, the button of the block-piece

was never touched by the fingers, but always by means of two pieces of

wood, which were exchanged now and again to prevent heating. It was

» Reprint, p. 119.



16 RFPORT 1876.

louad impossible to avoid tliis disturbance altogether ; and accordingly the

following mode of procedure was adopted :

—

Direct magnetic disturbances.—We first carefully investigated whether
there was any direct magnetic effect on the galvanometer owing to the

currents in the apparatus ; this was done by simply short-circuiting the

galvanometer. No such effect could be detected. Being assured of this, we
always operated as follows :—Threw in the galvanometer by pressing down the

button, then allowed the needle to come to rest with the small permanent
deflection due to the thermoelectric current. If now, on pressing down the

treadle for an instant, there was no motion of the spot, we concluded that

there was a balance. It is to be noticed that since we are near balance

the battery-circuit is conjugate to the galvanometer- circuit, and that, there-

fore, making or breaking the battery-circuit does not alter the effective resis-

tance opposed to any electromotive force, thermoelectric or other, in the

galvanometer-circuit. (Of this we also assured ourselves by direct experi-

ment.) Another advantage of this method is that it ensures the least

possible use of the battery, and thus avoids disturbances from heating.

During our final experiments both of us had acquired by considerable j^rac-

tice an acquaintance with the indications of the galvanometer, which enabled

us to adjuib^t the balance quickly, and thus secure in greater measure the

advantage above mentioned.

Self- and mutual induction.—It is also worth remarking that from the

way the B.A. unit coils are wound, and from the general arrangement of

the apparatus, neither self- nor mutual induction could have any sensible

disturbing effects in our experiments *.

Method of using bridgefor finding coejjUcients of variation Sfc.—In finding the

variation-coefficients of the coils the bridge arrangement was used in the way
described in the Report on Electrical Standards, 1864 (p. 353, &c.) ; but in

finding the difference between the resistances of two coils, the method de-

scribed by Prof. Foster (in the Journal of the Society of Telegraph Engineers,

October 1874) was used. In this method the bridge is first read with the

normal coil and the coil to be compared-with it in one position, and then
the coils are interchanged ; the difference of the bridge-readings gives the

required difference of resistance in units of the bridge.

Bridge-miits.—The unit in which we shall state our results further on is

the resistance of a tenth of a millimetre of the bridge-wire, which is a metre
long and has a resistance of about •075 ohm.

Calibration of bridge and thermometer.—The wire was carefully calibrated,

but no errors were found large enough to affect our results.

The thermometer used was also compared with a standard thermometer
belonging to the laboratory, and the corrected temperatures are in every

case given. The degree of accuracy attained in this last compaiison was pro-
bably about -05 Centigrade.

Description of coils in the case.—In the case containing the coils there

are altogether fourteen coils. Five of these are multiples of the unit, viz.

2, 3, 5, 8, and 10, and have brass labels on them ; but the inscriptions have
never been completed by filling in the last two figures of the temperature at

which they are equal to the standard. We have not been able to get any
description of these whatever, and have therefore not measured them.
Besides these there accompany the box two coils marked A and B, which
are not units, and a flat coil described as a normal coil, besides a set of

* Another precaution of less importance was to cover the platinum-iridium wire of the
bridge witii pieces of wood to screen it from dust and radiation from the body of the
observer.
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tubes for mercury units. The flat coil we used and found very couvenient,

both from its shape and on account of its small variatiou-coefticieut,

which was only 3i per deg. Gent, in the above-mentioned units.

The case contains altogether nine unit coils, viz. :

—

2 Pt Ir Nos. 2 and 3.

2 Au Ag „ 57 and 53.

2 Pt „ 35 and 3(3.

3 Pt Ag „ 6, 43, and 29.

Of the first six, all except 57, which we have not measured, are mentioned at

p. 146 of the Reports, but none of them have proper labels. All, however,

were marked in some way or other so as to be identifiable. Of the last three

all have labels, which are complete in 6 and 43. Nos. and 21) do not

appear in the Reports. The temperature on 43, which does appear, agrees

with that given on p. 146. We used 29 as a companion middle coil to 43,

because its variation-coefficient was small and nearly equal to that of 43

;

but otherwise we have not bestowed much care on it.

Coils measured.—The coils which we have measured are, therefore, 2, 3,

58, 35, 36, 29, 43. These we call for convenience A, B, C, D, E, F, G.

The normal coil is the flat coil at 10° Centigrade. This temperature is

chosen because it was the lower limit of the temperature of the tap-water,

which varied on diflerent days from 10° to 12°, though it was very constant

during a good part of any one day. As far as our experience went, the use

of a stream of tap-water was the best as well as most convenient way of

reducing the coils to a known temperature *.

Results of comparison : thefirst statement.—The following Table exhibits our

results in "the way which lies nearest the method by which they were ob-

tained :

—

R stands' for resistance of flat coil at 10° C.

X „ „ of the respective coils A, B, &c. at 10° C.

\ „ variation- coefficients.

Coil.
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Coil.
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Ifou^h comparison of coefficients with IJatthiessen's.—It is perhaps worth
while to give the following rough comparison between the results for the
A ariation-coefficients which we have obtained in the neighbourhood of 10^ C.

with the mean results of Matthiessen.
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thermal resistances observed during the past year and communicated in this

Report may be exhibited with equal clearness, and an easy comparison may
by this means be made of the values found in this and last year's series of

experiments where the same rock-specimens, or specimens of very closely

allied kinds of rock, were submitted in the former and in this year's series

to examination. A slight change, however, is here introduced in briefly

describing the results obtained numerically, by employing, instead of the sig-

nificant figures of those results (as was done in the last Report), the tenth

part of them as a brief expression for the absolute thermal conductivity.

Thus the absolute thermal conductivity of galena in the present list being

0-00705 in centimetre-gramme-second units, hitherto described for brevity by

its significant figures 705, will be spoken of in this Report as 70-5, to which

the meaning may conveniently be attached that 70"5 gramme-degree units of

heat per second pass through a plate of galena one centimetre thick, having

an area of one square metre, for a temperature-difference of one degree be-

tween its faces.

The method of investigation without the use of a thermopile has hitherto

proved unsuccessful, no soft material capable of effecting a close junction

with the rocks having yet been found of sufficiently constant resistance to

afford a useful standard of comparison with them when the rocks are intro-

duced between its layers ; but the progress of the investigation has shown

that a simple water-film (if it could be preserved from drying off with porous

rocks) effects a complete junction between them and any impervious surface,

as that of caoutchouc, against which they are pressed. A similar film of oil,

it appears from some experiments recorded in the presscnt list, is less effective

for the purpose ; and to ensure a constant water-film in which the thin wires

of the thermopile could be placed, pieces of well-soaked bladder kept soft in

water rendered antiseptic with carbolic acid were laid on the india-rubber

faces of the boiler and cooler, so as to press the thermopile-wires against the

rock with a constantly moist and uniformly wet surface. The duration of an

experiment and the temperature to which they were exposed (usually be-

tween 100° and 120° l^'.) were never so great as to cause the bladders to

approach dryness before the termination of the experiment. The proportion

of moisture absorbed by the rocks (when sensibly porous) was ascertained,

and it was always such a small fraction of that imbibed by the same rocks

thoroughly soaked in vacuo that it i^robably exercised a scarcely sensible

influence on the results. Its amount, and that of the full quantity of water

absorbable by the porous rocks tested, is stated in the list; and from the

corresponding alteration of the observed conductivity some idea of the pro-

bable correction necessary to be applied for the presence of moisture in some
of the porous rocks during the process of the experiment may be obtained.

The two chief defects of the thermopiles used hitherto had been their

thickness (making them intrude too far from the rock-surface into the badly

conducting strata with which it is in contact), and the false thermoelectric

currents proceeding from irregularities of material and internal condition of

the wires subjected to great varieties of temperature along their length. To
diminish the former source of error, Avires less than half a millimetre (040
millim., or -^ inch) in .diameter were used and neatly soldered at the

junctions ; and to counteract as far as possible the remaining evil, they were
chosen of the most dissimilar metals (iron and German sUver), and twelve

junctions above and twelve below the rock-plate formed a continuous circuit

giving a very strong thermoelectric current. The whole resistance of the

circuit (including the 20 ohms usually added to bring its indications con-

veniently within the scale of a Thomson's reflecting galvanometer) was 40
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ohms when the wires were coupled for observing a difference of temperature
;

and it was assumed that, with this resistance and with the probable tendency

of twelve wires similarly circumstanced to neutralize each other's false efl'ects,

no sensible errors from local disturbances would arise. The instrument was
submitted to some careful tests, with a result that, at the highest temperatures

of the experiments, errors in the temperature- difference amounting to about
1° F. may have been committed. At the ordinary temperatures of the wires

between 100° and 120° F. it was found, by substituting a heated iron disk

(coated on the faces with thin paper) in the place of a rock-plate, so as to

heat both sets of wires equally, that the only permanent deviations produced

as the plate sunk verj- slowly in temperature also sunk gradually with it from
an equivalent value of about |° to about g° upon the scale. As the coiTect-

ness of the small temperature-differences (of 6° and upwards) lying usually

between the above two temperatures was thus fairly checked, and for exception-

all}' higher differences and temperatxires the conditions could not easily be more
exactly assimilated to those of the actual experiments so as to control and
estimate them, the effects of these small errors have not been further regarded

in the calculations ; but in order to avoid changes of value in the divisions of

the scale, and to enable the actual temperature of each set of wire-junctions

to be directly observed, an arrangement of the thermopile was made by which
each set of junctions could be separately combined with a similar set in con-

tinuous circuit with the galvanometer placed in a small rectangular water-
bath. The latter is made of tin, and, as well as its lid, is well jacketed with
cork, and provided with an agitator ; so that by adding hot or cold water,

which can be withdrawn below, any temperature of the water in the bath
can be obtained. A simple commutator enables the circuit with the galvano-

meter to be closed, either through the two principal sets of junctions or

through one of them and through a set corresponding to it in the bath ; so

that by changing the temperature of the latter until no current passes through
the circuit the actual temperature of each rock-face could be observed. This
mode of observation is fi-ee from all objections, excepting those of false

currents arising in long wires and plates of the same metal maintained at

very various temperatures ; but with the exception of the twelve loops of

German-silver wire projecting on one side from the rock-plate, the corre-

sponding loops on the other side, and all the rest of the circuits made to the

galvanometer, were formed from the same piece of iron wire freshly annealed.

The comb-like teeth of the commutator are pieces of narrow hoop-iron about

3 inches long, closely set together in wood, and also thoroughly annealed, to

which the proper terminals of iron wire are soldered at their feet, while the

upper ends are filed to chisel-edges ; and a small hand-rack of iron wedges set

on wood at proper distances apart, thrust between them in different positions,

completes the connexion in the three different orders that are required. The
additional branch wires used in the arrangement are few, and, as will be seen

from the following description, add very little to the total lengths of iron

wire which conduct the currents. The twelve-turn coil of wire in which the

rock is pressed consists of twelve half-turns or loops of German silver and
the same number of iron loops. The twelfth looj) of German silver (see

figure, p. 22) completes the circuit or connexion from the beginning to the

end of the coil through the medium of the galvanometer. There are

thus twelve junctions of dissimilar metals above, and twelve below the rock-

plate in a closed circuit with the galvanometer. To produce a new set of

twelve junctions corresponding to each of these, the loops of German-silver

wire are all cut through in the middle, and the free ends soldered to twenty-

four short pieces of iron wire, the junctions being laid side by side across a
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narrow water-tight trough formed of three or four rectangular washers of

caoutchouc laid on a shest-caoutchouc floor, upon which the sides of the rectan-
gular tin bath, open at the top and bottom, are pressed down. The tin bath is

5 inches long (the same as the width of the rock-sections), nearly the same
height, and 2 inches wide ; and it is provided with a false bottom, through
the perforations of which the water reaches the wires, and is kept agitated
above by a thermometer passing through a longitudinal slit in the lid and
attached to a small tin blade, without injuring them. The twenty-four
extremities of iron wire projecting 1 or 2 inches beyond the bottom of the
bath are there soldered to the feet of twenty-four teeth of the commutator,
and the twelve iron wedges of the hand-rack being inserted between the
points of these teeth, completes the circuit connexion in the ordinary way for

observing a diffei'ence of temperature between the two principal sets of
junctions of the thermopile. As a proof of the trustworthy action of the
instrument, it may be mentioned that when, in the course of an experiment,
the reading of the galvanometer with the thermopile thus joined up was
being noted, and water of various temperatures from 60° F. to 160° F. was
poured into the bath where the twenty-four supplementary junctions are
placed and are all included in the circuit, not the smallest effect was pro-
duced upon the reading as soon as the water in the bath had by gentle
agitation become uniform throughout in temperature. Not only are the two
opposing sets of twelve junctions heated in the bath on the average all of
exactly equal force, so as to balance each other, but the false currents, which
in such ranges of temperature must be evoked with sensible intensity if any
of them should prevail, either neutralize each other exactly or are entirely
absent, as it appears equally probable to conjecture, in this portion of the
apparatus. As regards formation of the circuit through one of the principal
sets of junctions only, accompanied by a corresponding set of junctions in the
bath, this is accomplished as is represented in the annexed outline sketch,
where two pairs of junctions only

(a b, a V), above and below the rock-

plate, are shown, thin lines represent-

ing iron and thick lines German-silver

wire. B is the bath in which the

supplementary junctions, s'sss', ob-
tained by severing the loops ofGerman-
silver wire, as at ss, are immersed.
The two extreme half-loops and cor-

responding teeth of the commutator
serve to complete the circuit with the

galvanometer; and the arrangement
for every additional severed loop of

German-silver wire introduced be-

tween them will easily be apprehended
from the single intermediate one, 5 s,

here shown. The iron wedges, lu lu iv,

of the rack-piece pushed downwards
between. the yielding iron blades of the

commutator are shown by black dots,

forming a circuit in the usual manner
for obtaining a reading of difference

of temperature between the junctions

rt rt', h b'. Each loop or half-turn (bfa,

b'f'a') of iron wire is continued past
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tho upper junctions (a, a') and carried through the, bath to a separate tooth of

the commutator ; and by moving the wedges of the rack-piece together one

tooth-space to tho right or left (as shown in new positions by a x in tho

figure), combinations of junctions in the bath with junctions (a a') above or

{bb') below the rock-plate are put into connexion with the galvanometer.

By the same mode of trial as before, a heated iron plate coated with thin

paper being substituted in the place of an experimental plate, the tempe-

ratures of its two faces, as exhibited by the thermometer in the bath when
the commutator was shifted from one of its two supplementary positions to

the other, were sensibly the same as the heated plate slowly cooled, and no

false difference of temperature arising from false currents differently excited

in the two circuits thus joined up were found to be indicated as a result of

several such determinations of the really equal temperatures of the two faces

of the plate. This mode of observing the actual temperatures and the

temperature-differences of the rock-faces in the present series of experiments

was therefore constantly employed, and the values of the scale-divisions in

degrees for the other more usual method of employing the thermopile were

not determined with special care, although this adjustment of the commutator

was also used to check and follow the gradual variations of temperature-

difference that were less speedily, although more certainly, measured by the

absolute method of determination. The only case of failure to observe a

sensible difference of temperature between the two sides of an experimental

plate occurred with iron-pyrites, which (as weU as galena), being a good

conductor of electricity, it was foimd necessary to coat with two thicknesses

of the thinnest tissue-paper on each face; and the apparent difference of

temperature recorded (which was decidedly less than 1°) may have arisen

from the resistance offered by the slight obstructions of these thin paper

sheets (soaked with water) to the passage of the heat : although certainly very

great, no definite value of the thermal conductivity of ordinary iron-pyrites

can therefore be assigned. It was also necessary to use oil junctions instead

of wet bladders, from the galvanic effects produced by the saturated salt

solution, when rock-salt was tested ; and it appears probable from some

measurements of quartz with the same kind of luting that the conductivity

of rock-salt thus found is somewhat less than, rather than likely to be in excess

of, the real thermal conductivity of that substance. As a good assurance that

when membranes wetted with water were used to press the thermopile

against the rocks the true temperatures of their faces were very nearly

marked, the experiment with iron-pyrites may be instanced, as the small

temperature-difference of less than 1° could not have been observed if the

wires were not very nearly indeed at the same temperature as the two paper-

covered faces of the pyrites against which they were pressed ; and as the

circumstances of their adjustment in other cases were exactly the same as in

this instance, it may be assumed that the method of pressing the thermopile

against the rocks with wet bladders adopted in the present series of experi-

ments exhibited the true temperature-difference of the faces, and afforded

correct values of the thermal conductivities. The pressure was applied by

means of strong spiral springs (instead of the weights described in the last

Report), whose extensions in a graduated tube indicated the pressures which

they were made to exert. The pressure thus applied was usually SO lbs.

upon a surface of nearly 20 square inches of the rock-plates, or about 4 lbs,

per square inch. The general agreement of the results with those formerly

obtained also serves to verily the correctness both of the thermal conduc-

tivities now air^signed and of those previously observed. The principal

differences in the two m.elhods of determination consist in the use of an im-



u REPORT 1876.

Rock specimeu tested,
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tion in vacuo.)



ON THE THERMAL CONDUCTIVITIES OP CERTAIN ROCKS. 25

ascribed to the numberless small precautions required to ensure perfect

accuracy, than to any constant errors of the methods with which either of the

two series of determinations is now believed to be aifected.

In concluding this description, some remarks on the results of the new
experiments that have been carried out will serve to show what new data

have been obtained, and how far the observations made last year are corro-

borated and confirmed by the slightly modified apparatus and method of

procedure that has been adopted to extend the series.

Among the points of principal importance noticed last year the following

facts of great interest already ascertained have now been verified and con-

firmed. Quartz is still found to have about the same high thermal conduc-

tivity (85-88 concisely expressed, as explained at the beginning of this

Repoi-t) compared to the other rocks which had been pre^^l0usly observed.

The direction in which heat is transmitted through slate is a very important

condition in regard to its conductiug-power—the conductivity of good Welsh
(Festiniog) slate cut across the cleavage being, however, to that of a plate of

the same stone cat parallel to the cleavage-planes, as 5 : 3 from this year's

experiments, instead of 6 : 3 very nearly, as observed in the same slate

specimens last year. The notable part of this difference of the two years'

observations is in the better-conducting cross-cut plate (54 instead of 66),

although the other Icss-conductuig plate (31-5 and 3:2-5) has nearly the same
conductivity as it appeared to have last year. Cleavage-fractures which the

cross-cut plate has suffered, and their repairs, rendering its surfaces uneven
and the water-junction contacts consequeutlj^ somewhat imperfect, have

probably caused this apparent loss of conductivity in the transverselj' cut

specimen of slate. But this latter still exhibits a much higher thermal con-

ductivity than that shown by the plate from the same piece of slate cut

parallel to its cleavage-planes. A less distinct difference was found this

year in similarly sawn and tested plates of clay-slate cut across and parallel

to the planes of cleavage or of foliation ; biit the stronger kinds of the stone

which supplied a transverse section (as well as the less fragile plates cut

parallel to the planes of cleavage) presented the appearance of cleavage and
foliation only very imperfectly, and much less remarkably than the specimens

of ordinary slate from Wales. The thermal conductivity of the soft clay-

.

slate is also less in all directions (26-28-5) than the least observed conduc-

tivity (31-5) of Welsh slate cut parallel to its cleavage-planes.

The observations of the effect of moisture in increasing the conductivity

of the porous rocks, when thoroughly saturated with water, entirely corro-

borate the similar observations made last year. When the great pressure

required to force a sensiblequantity of water through such rocks as sandstone

and others which were tested is compared with the verj' feeble currents

which differences of temperature and of density of the water in their cavities

can produce, it appears evident that the very marked increase of conductivity

observed in such cases cannot be owing to convection- or gravitation-

currents in the water which the saturated rocks contain, although the

mobility of the liquid by diffusion and consequent intermixture of its mole-

cules probably assists the direct condueting-power of water in the transmission

of the heat ; and the resulting conductivity of water, free from the action of

convection-currents, appears to be at least equal to that of some rock-species

whose thermal conductivities are either the last or nearly the lowest in the

present list.

The thermal conductivities of certain new species of rocks are now also

assigned, the values of which, although they are few in number, appear to

possess considerable interest from a mineralogical as well as from a geological
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aspect. Some crystalline rocks and minerals of simple composition (and of

the cubic system of crystallization) were selected, and, like quartz, they

proved to have heat-conducting properties in a high degree. The thermal con-

ductivity of iron-pyrites, resembling apparently that of the metals, could not,

from its high value, be accurately determined by the method of experiment

pursued ; and it is accordingly omitted (as undetermined) from the list. The
diathermancy of rock-salt for the heat radiated and absorbed by the oiled

surfaces between which the tiial plate of it was placed will not account for

more than Jjj part of the heat which the plate actually transmitted ; and

the high position of this substance in the list is consequently due to a really

high conductivity which rock-salt possesses (about 113), greater than that

of quartz (85-88), and even of fluorspar (92|), the substance found to rank

nest to it in high conducting-power. A specimen of galena nearly pure, but

enclosing a few fragments of quartz, presented the highest thermal conduc-

tivity (TO^) next to that of quartz. A plate of soft, white, opaque calcite,

perfectly but irregularly crystallized (forming vein-stuff in Clifton sandstone),

agrees exactly in its thermal conductivity (-iG'T) with various kinds of marble

(46-49) which were tried last year. On the other hand, a similar specimen

of heavy spar (barium sulphate) from a mine of that substance npar Exeter

presents, in spite of its great density, a remarkably low thermal conductivity

(17-18 in two experiments), not very far removed from that of English

alabaster (gypsum, or calcium sulphate, 23-4). English plate-glass (20-4), it

may also be remarked, has a low thermal conductivity, differing not very

greatly from those of the two substances last named. Finally, the lightest

species of rocks examined in the course of these experiments, pumicestone

and Newcastle house-coal, have also the lowest conductivities (5-5 and 5-7)

hitherto presenting themselves in these investigations.

As, with the exception of rock-salt, clay-slate and elvan, house-coal and

pumicestone, no new thermal resistances of great importance, in a geological

point of view, are added in the present list to those already exhibited in the

diagram of these Reports (vol. for 1875, p. 59), a new graphic representation

of the resistances now found is here deemed unnecessary—the values of the

absolute resistances furnished in this Table enabling them to be added without

'difficulty in that diagram, where they may thus be exhibited in the same

normal scale with the earlier determinations.

The applications to questions of underground temperatures which these

observations suggest have not yet engaged the Committee's attention suffi-

ciently to enable them to arrive at definite conclusions certain enough to

entitle them to be noticed in this Eeport. Examples of very reliable mea-
surements of imderground temperatures, such as have recently been obtained

in the tunnels of Mont Cenis and of St. Gothard, and in the deep vertical

boring at Sperenberg, near Berlin (the last of which, although extremely

deep, passes almost entirely through rock-salt), are ill-adapted to test distinctly

the relative values of the thermal conductivities of different species of rocks

—

the former two from the irregular surface-configurations, and the last from

the absence of any change of the strata through which these borings pass.

In view also of the many disturbing conditions that affect both the local rate

of change and the actual observations and measurements of underground

tcmperatui'es in other borings more suitably adapted to exhibit clearly the

differences of thermal resistance in geological formations, which the Com-
mittee is endeavoiuing to distinguish and to recognize in actual cases, it

would be premature, in the present stage of the investigation, to deal more
particularly with results derived immediately from these and from similar

comparisons, the degree of dependence to 1 e placed on which cannot very



ON THE ASSESSMENT OF DIRECT TAXATION. 27

casilj"- be defined. The agreement which they trust eventually to trace

between the observed temperatures and the experimentally determined

thermal properties of the locally predominating rocks is liable to be masked

and concealed by causes of disturbance of so many unknown and unsiispccted

kinds, that plain and obvious corroborations are not frequently to be expected
;

and the nature of those causes which principally tend to disturb the results

Avill probably become better known by the progress of further comparisons

such as the Committee is now endeavouring to pursue. While it was thus

anticipated by Prof. Everett*, from the slow rate of temperature-variation

from the surface observed in the rocky excavations of the Mont-Cenis tunnel,

that quartz (which is a principal ingredient of the rock) would prove to have

a high thermal conductivity, this property is now also found to belong to

rock-salt, through which the Sperenberg boring passes with an average rate

of temperature-variation (1° F. in 51 English feet) scarcely differing sensibly

from the mean rate obtained from a mass of similar observations taken in

other places and recoi'ded by the Underground Temperature Committee.

The apparent contradiction presented by these two cases may possibly proceed

from a more rapid local rate of variation of temperature in the neighbourhood

of Sperenberg than around Mont Cenis ; and the fact that in the first GO

fathoms of ordinary strata overlying the rock-salt the observed rate of

variation was slower than below (contrary to what would be expected from

the relative conductivities of the superincumbent strata and the underlying

masses of rock-salt), is said, in Herr Bunker's description of the obser-

vations, to be probably accounted for by the intrusion into the boring near

its mouth of the Avaste warm water of the engines on the surface. The
effect, it may be observed, of a highly conducting mass, like that of the deep

bed of rock-salt here penetrated, by diminishing the local resistance and

increasing the flow of internal heat outwards through the Sperenberg strata,

would be to cause the local rate of variation of temperature in this locality

to be abnormally rapid ; and perhaps this may explain why a slow rate of

variation is not observed in this instance, from the great depth of the ex-

cellently conducting rock-salt formation, which considerably exceeds 3000 feet.

The Sperenberg boring thus presents examples of secondary conditions which

will perhaps prove to be in good agreement (instead of, as they at first appear

to be, somewhat at variance) with the results of the Committee's observations.

Report of a Committee, consisting o/the Right Hon. J. G. Hubbakd,
M.P., Mr. Chadwick, M.P., Mr. Morley, M.P., Dr. Farr, Mr.
Hallett, Professor Jevons, Mr. Newmarch, Professor Leone
Levi, Mr. He\wood, and Mr. Shaen [with power to add to their

number), appointed for the purpose of considering and reporting on

the practicability of adopting a Common Measure of Value in the

Assessment of Direct Taxation, local and imperial. By Mr.
Hallett, Secretary.

YorR Committee, appointed to inquire into the subject of a Common Measure

of Value in Direct Taxation, have proceeded in this inquiry, have considered

the matters to them referred, and have agreed to the following Report :—

•

* See these Eeports, vol. for 1875, p. 16, r.ote at bottom of the page.
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1. Measure of value wanted.-—The question of a common measure of value

is one of a class that may be literally called standard questions, and its

solution is at the basis of equality in taxation both general and particular.

Values are the object matters of taxation, their measurement and comparison
are the necessary condition of its equal incidence ; and measurements with
unequal measures are like weighings with luijust balances. Taxation, how-
ever pure its intention, without a common measure of value, is what navigation

would be without sextant and chronometer, or architecture without compass
and level. And this perhaps is not an unfair description of what it actually

is, though not, it may be hoped, of what it must be. One of the chief marks
of advancing science has been a progress towards better measures and better

measurements, a substitution of the uniformities of rules of reason for the

unrestricted vagaries of rules of thumb ; and such is the aim of the present

inquiry. This question of a common measure of value is the question of the

common measure of taxation ; or if there be several such measures, what is

their common ratio ? what are they in terms of one another ?

2. Tivo Methods of General Valuation: Capital-Value and Usable Value.—
Measurements of the value of things (employing this word " things " as

inclusive of land, labour, stock, &c.) may have reference to their absolute

worth or to their temporary uses. They may have reference to their pro-

perty, capital, or absolute values, or to their products, profits, or annual
values. The one measure is exemplified in contracts of sale and purchase,

the other in contracts of letting and hiring. Each has its special advantages

and special applications. Capital or absolute value is ajjplied in the assess-

ment of probate and legacy duty ; usable value in the assessment of local

taxation and in those of the imperial income-tax. Moreover, as the capital-

value of the thing must be equivalent to the present value of the sum of its

future uses, the two measures, if consistently defined, though differing it may
be year by year, must be in the long run equivalent. But such consistency

of definition is an essential. Tlie idea of capital-value is tolerably well fixed,

but that of usable or lettable value is indefinite. Usable value is, or is

equivalent to, the consideration paid for, the income received from, the use
of things. This consideration, however, may be paid under such totally

different conditions of contract that, unless these conditions are first assimi-

lated, the payments regarded as measures, either of the values of the things

or of the abilities of their owners, are worse than useless : they are mis-
leading.

3. Usable Valve unrestricted and indeterminate and lience unfit as a com-
mon measure.—To illustrate this : things having a use, and hence capable of

becoming sources of income, are all, by the very nature of the process, liable

to outgoings ; some more, some less. Production involves productive con-
sumption. Efficiency implies cost—cost, for the most part of insurance
against natiual risk ; of repairs ; of necessary depreciation. But the user of

a thing, be it land, labour, or stock, may engage for its use with or without
liability to these outgoings ; their costs may be borne by the user or by the
owner, or they may be divided between the two in any proportion that con-
venience may direct. The user may bear repairs and the owner natural risk

and depreciation, or the user may bear natural risk and repairs and the owner
natural depreciation, or the user may bear all and the owner none, or the user
none and the owner all, the consideration given (the income received) of
course varying accordingly. Were the things valued by absolute sale or
capitalization, all the incidents, whether of efficiency or cost, plus or minus,
would be wholly and uniformly included, and the test would fix the things'

relative positions. In valuation by uses, hoAvever, it is evident that these
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incidents are not as a matter of practice uniformly included, and the valutitiou,

founded upon unfixed conditions, can fix nothing ; its possibilities of variation
are coextensive with those of free contract itself, and hence, being absolutely
unrestricted, as a measure it must be inherently unfit.

4. Exemplified in incomes of Income-tax.—Such valuations, some tempering
effect of deductions notwithstanding, have been those ol' local taxation ; and
hence the local chaos which Mr. Sclater-Booth's bill was the last attempt to

reduce to order. 8uch also, without any tempering influence, are the
valuations of income under the present income-tax. In this latter the
returnable and taxable incomes of interest, land-rent, house-rent, royalties,

wages, including professional fees and salaries, are the considerations that
are paid for the uses of principal monies, land, houses, mines, and labour
respectively. Interest, however, is the consideration paid for the use of the
principal, neither user nor owner being subject to any outgoings. Land-rent
is the consideration paid for the use of land, the user bearing almost all

outgoings. House-rent is the consideration paid for the use of houses, the
owner and user sharing the outgoings in various proportions. The owner
also largely bears outgoings in the contract of mines and royalties ; he wholly
bears them, as a rule, in that of labour and wages. Moreover these out-
goings vary according to the nature of the thing ; they may vary from zero
up to 40 or 50 per cent., or even more, of the gross production. It is these
differences that give rise to the various characteristics of incomes, as gross,
net, certain, precarious, terminable, permanent, nominal, real. All, indeed,
are in the catalogue of considerations paid ; all are so-called incomes
received, but only

" As hounds and greyhounds, mongrels, spaniels, curs,

Shoughs, water-rugs, and demi-wolves are cleped
All by the name ot dogs."

The true account " distinguishes " we are told, and gives to each " particular
addition

:

" the measure of incomes, too, that lays claim to scientific truth
must do the same, and to the " bill that writes them all alike " and taxes
them aU ahke, must add natural differences and just discrimination.

5. Usable value specialized and determined as Interest-value. By consis-
tent deduction of outgoings. Interest-value as the common measure required.
And if the cause of these inequalities of valuation be rightly stated, the dis-
covery of such measure ought not to be difficult. As the inequalities arise
from the different conditions in respect to outgoings under which the various
incomes are calculated, the remedy must be the assimilation of these condi-
tions ; and the case of principal and interest, which in one aspect may be
regarded as a common expression of sources and uses generally, may be
employed as a precedent. Interest, as before said, is the income received
from a thing free of outgoings. It leaves the thing or its capital value
unimpaired. The extension of this idea to revenues or incomes in general
is simply the universal deduction from them of their productive outgoings
equivalent to the general restoration of the capital-values of their respective
sources. Under such a regime, returnable and taxable income would not be
land-rent, house-rent, mine-royalties, labour-wages ; but land-rent minus
land-outgoings, house-rent minus house-outgoings, mine-roj'alties minus
mine-outgoings, labour-wages mimis labour-outgoings ; and similarly with
terminable annuities and the profits of business, the outgoings, however,
being in all cases only the necessari/ ones of the production. The result thus
obtained would be what by analogy Ave may call the interest-value of the
various sources ; and such interest-value of land, of labour, of houses, of
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economic agencies generally, would be the common measure required. And
the measure is a perfectly scientific one, and, indeed, admits of mathematical

expression. As the exact difference, comprehensively considered, between
the total receipts and total outgoings of a source, it is the pure annual

increment of its capital-value, and hence is identical with absolute profit. It

would rejiresent the pure annual growth of national wealth taken in its

widest sense, and the returnable income of national taxation.

6. Precedents for its practicahility.—But are such deductions of outgoings

on the sources of income and the determination of the interest-value practi-

cable ? In many cases this question has been already solved by actual

legislation. That such deductions are practicable for lands, houses, and

mines may be proved by reference to the Metropolis Valuation Act of 1869,

and to the Local Valuation Bill before referred to, both of which are grounded

on them, and have schedides of deduction for different cases attached. That
they are practicable for machines, ships, trade fixtures, horses, and stock

generally, the Income-tax Act, with its special clauses for repairs and re-

supjjly, itself recognizes ; and though no schedules or deductions are attached

for these cases, the deductions are wcU known in the estimates of business

and recognized in the Surveyor's office. But if such deductions of outgoings

are practicable for the labour of horses, are they not practicable for the labour

of men ? Economically considered, the two labours are analogous ; both are

productive agents, both have productive powers subject to consumption.

Natural risk, maintenance, and terminability belong to the labour of men
just as they belong to the labour of horses, just as risk, repairs, and termina-

bility belong to machines, ships, or implements. All these outgoings are facts

equally ascertained by experience, and it is difficult to see why their valuations

are not equally practicable. They are as much an item in a source's general

account as the receipts themselves, forming its debit as these form its credit

column. Nor can any account, be it individual or national, be said to be
complete unless both sides are considered.

7. Effect on Income-tax Act.-—The application of this interest-value measure
to the Income-tax Act would give these results :—Incomes from lands, houses,

and mines would be charged much the same as under the proposed new local

valuation system. Dividends and profits of capital, pui-ely considered, would
be charged as at present. Government and other terminable annuities would
not be taxed on the amount representing the restoration of caintal. On the
same principle the incomes from labour, whether pure, as in the case of

salaried officers and some professors, or mixed with the proceeds of capital,

as in other professions and as in businesses, would be entitled to material

deductions varying with the relative proportions of skill and capital engaged.
In all cases the tax would be collected at the source and levied on the net
value of the produce ; and the deductions would be made without reference,

as such, either to the position or fortune of the owner.

8. Practicahility exempJiJied in comjjosite incomes.— Questions may be raised

on the practicability of applying an outgoings dcduclion to incomes from
businesses and professions which are the mixed results of labour and cajjital.

It may be objected either, first, that as labour and capital enter into these

mixed incomes in vai-ying proportions, and as the percentage of labour-
outgoings is very different from that of capital-outgoings, a deduction common
to these mixed incomes and to unmixed labour-incomes would be unjust ; or,

secondly, that if the labour-income and capital-income be assessed separately

a separate return of capital will be necessary, and that this must entail an
objectionable exposure of affairs. To meet the first objection, a classification
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of business and professional incomes, with a varying percentage deduction
according to the average proportion of capital in each class, has been pro-
posed ; but it may be doubted if the second objection has any just foundation.

That the assessment of an income from conjoint sources does not necessarily

involve an official return of these sources, may be seen by looking to the
return of the income of capital or stock itself, as exemplified in all large

trading companies. This income, regarded in the concrete, consists of the
conjoint incomes from houses, ships, machinery, stock, trade fixtures, all of
which incomes having diiferent outgoings, are singly and differently assessed

by the owner, but all of which are united, without statement of particulars,

in one common official return. What is practicable, however, with the
incomes (derived, say, from horse labour plus machinery) is also practicable
with those derived from human labour plus capital generally. Doubtless, in
order to value the labour-income separately from the cajntal-income, the two
must be separately known to the valuer, but not, therefore, separately
returned to the Government unless Government undertakes the work of
accountant. Tlie distinction between the two (the one technically known
as profits, the other as interest) is a primary distinction in book-keeping
usually given in every profit and loss account. Capital being [known (and
this knowledge is as necessary to the preparation of an accurate return under
the present system as to that under the proposed one), its interest subtracted
from the mixed income will give the technical profits, gross labour-income,
or gross wages of the capitalist. The deduction of labour-outgoings from
the labour-income will give the labour's interest-value, which, j^lus the
interest of the capital, will be the interest-value or returnable income of the
business or profession.

Example 1.—A (a barrister, physician, or salaried officer) has ^1000 a year,
an unmixed gross labour-income. Assuming, c.(/., 40 per cent, to be
the average labour-outgoings for risk, maintenance, and " depreciation,"
the deduction will be ,£400 and the interest-value ,£600. A's returnable
and taxable income will be ^600.

Examjile 2.—B (a solicitor or general medical practitioner) has ^2000 capital

in his practice, and a gross income as now returnable of £1000 a vear,
the joint result of his personal labour and his cajjital. Interest bein"-

reckoned at 5 per cent., £100 will be the interest-value of his capital,

and £900 the gross income, wages, or so-called jorofits of his labour.
The deduction of 40 per cent, from this for labour-outgoings leaves £540
as the labour's interest-value, which, jj?«s £100 as the interest of capital,

gives £640 as the interest-value of his practice. B's returnable and
taxable income will be thus £640.

Example 3.—C (a merchant, manufactnrer, or shopkeeper), having a capital of
£10,000 in his business, has a gross income of £1000 a year, the joint
result of his cajntal and personal labour. Here, under the former
suppositions, the interest of his capital will be £500, and the '-ross

income of his labour wiU be £500. Deducting 40 per cent, for labour-
outgoings, as before, we obtain £300 as the labour's interest- value,
which, ^j/i(s the interest of the capital, equals £800, the interest-value
of the business. C's returnable and taxable income will be £800.

Zero-p)oint of Direct Taxation.—In the remuneration of labour, as we
descend in the scale, there must be a point at which income and outgoings
balance, and at which, therefore, interest-value or real profit is zero. This
important point in labour, analogous in land to the commencing point of
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rent, is the scientific division in labour between exemption and taxation

that a common measure of value determines. Wherever the point may be,

below it there is no interest-value, and hence ought to be no taxation ; and

it is above this point that in strictness the percentage deduction for outgoings

ought in every case to begin.

Example 1.—A, a labourer, earns 30s. per week, an unmixed gross labour-

income. Assuming this sam to be only sufficient to meet the necessary

labour-outgoings, then the interest-value of the income wiU be nil. A's

income will be whoUy untaxable.

Example 2.—B, a clerk or artisan, earns =£150 per year. Assuming, as

before, 30s. per week or .£78 per year, as the necessary labour-outgoings,

then the subtraction of this sum will mark the zero-point of the labour's

taxable income, and =£72 wiU be the margin to which alone the per-

centage deduction for outgoings ought . to be applied. Assuming this

deduction at 40 per cent, as before, we have £22 as such deduction, and

£44 as the labour's interest-value. B's returnable and taxable income

wiU be £44.

A similar preliminary process of correction applies to aU higher labour-

incomes, the zero-point being determined by the amount fixed on as the

labour's necessary outgoings.

9. Proposed new Valuation System intermediate to the Self-assessment and

Official Systems.—The practical working of a measure of value, like other

measures, has necessarily a relation to the persons by whom it is a,pplied. A
just measure, through careless or wrong application, may act unjustly ; but

unjust application is no argument for an unjust measure ; an unjust measure

even when rightly applied must act unjustly. In the income-tax, as now
arranged, with its five or six inconsistent measures of value, the valuation

for some of the chief schedules ranges between the loose liberties of self-

assessment and the inquisitorial stringency of ofiicial : the one system con-

scious of a radical injustice in the law, which it is itself called on to api^ly,

the other in total ignorance of the facts which the law covers, and both

working in antagonism to each other. In the valuation for probate duty we
have a third system, applied not by the interested individual nor by the

official, but by a third and independent party, authoritatively licensed, indeed,

by the Government, but selected by the individual, and hence whilst ne^itral

himself, having responsibilities to each. Under an equitable measure of

value, self-assessment might in the first instance exist as at present ; but in

cases of doubt Government might require the guarantee of such an independent

authority (licensed valuer, accountant, lawyer, acting as a semiofficial com-

missioner in income-tax) for a second evidence to the truth of the return,

reserving its own power of official examination as a last resort. At the

present time many firms do actually call in professional accountants to make

up their returns ; and with a growing sense of justice in the tax, such an

independent guarantee to the truth of the return might not improbably

become general, and might even acquire the force of a custom,

COMPAKISON BETWEEN CaPITAL-VaLTJE AND InTEKEST-ValXJE.

10. Capital-value and Interest-value equivcdent on a series of years, but not

for each year.—The two measures, capital-value and interest-value, are, as

before observed, on a series of years equivalent. Interest-value is capital-

value for a year. Capital-value is the present worth of interest-value for all
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years. But though the two measures are thus equivalent ou an average of

years, they are not equivalent for each specific year. Interest-value measures

the gains of capital for one year, and capital-value measures its gains for

that year, with the expectant or probable gain of future years added. As,

however, national gain for any year has, as a rule, the closest relation to the

national expenses for tliat year, the interest-value is a more specific measure

for annual taxation than the capital-value ; and this is probably the reason

that has imconsciously led to the adoption of an annual-value measure, both

in local and imperial taxation, in preference to one of capital or perpetual

value.

Capital-value in comparative relation to things and to tenures generalli/.—
Measures practically equivalent may, however, through differences of appli-

cation, give contrary results ; and of this the two measures in question afford

illustrations. Taxation, according to capital-value, may look either to the

sources, things, or objects owned, or to the rights and tenures of their

owners—to the land, labour, or stock possessed, or to the- freehold, leasehold,

life-tenancy, or jointure, as the case may be, of the possessors. Prima facie

it would appear that as the value of the tenures of a thing, however manifold,

can be neither more nor less than the value of the thing itself, the results of

the scientific capitalization of the tAvo should be identical. As a matter

of fact, however, this has not been admitted to be the case ; and it is on the

question of tenures that the deepest controversies of the income-tax have

arisen.

Capital-value in relation to terminahle tenures.—As the capital-value of a

limited tenure in an estate, for example, is less than that of a permanent

one, its taxation, it is argued, ought to be less, and therefore it ought to pay

at a lower rate. Putting aside for a moment the question of the truth of

this inferejico, it is evident that its enforcement would make an estate's

taxation vary with the character of its tenure, thus giving power to the

subject to alter taxation by altering tenure, and that to almost any extent.

To avoid this it has been proposed to derive the whole tax from the estate

as at present, but to levy on the limited tenure according to its capital-value,

and to make the reversion liable for the balance.

Terminalility of tenure does not influence the Annual Tax.—"Without dis-

cussing the administrative difficulties of this view, it may be questioned

whether such a view be a logical deduction from the principle of taxing

tenures according to their capital-value. Assuming that a limited tenure in

an estate ought to pay less than a permanent one, with reference to its

capitalized value, it would not therefore follow that it ought to pay at a lower

annual rate. Be the tenure long or short, the estate for any given year is

the same, the value for that one year's tenure is the same, the government

protection afforded to it for that year is the same, and hence it would appear

that the payment for each year ought to be the same also. But if each year's

payments be the same in both cases, the total payments are not therefore

equal ; the limited tenure pays only for a limited time, whilst the perpetual

tenure pays for all time ; and if these payments bo aggregated it will be found

that their amounts are in exact proportion to the capital-values of the

respective tenures. Should it be said that the reversioner, having interests

in the good government of the present, ought therefore to contribute according

to the value of these interests, the reply is that the present possessor has been

the reversioner of the past, and has had similar interests in the good govern-

ment of the past. If, therefore, i)resent possession has a claim on the future,

it owes a debt to the past ; and it may be mathematically shown, what

1876. D
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perhaps a sense of the fitness of things indicates, that for any given year the

claim and debt will cancel each other, and leave every year's possession to

pay the whole year's tax on the estate possessed.

Difference between incomes from terminable tenures and tJiose from termi-

nable things.—That a terminable income by paying at the same annual rate as

a perpetual income is equally paying according to its capital-value, is a pro-

position insisted on by Mr. AVarburton and by Mr. Mill in the two Commissions

on the Income-tax ; and as far as the above class of terminable income is

concerned, the proposition is true. But these gentlemen unfortunately

carried it into a region where it had no status, and iu virtue of it denied the

applicability of capital-value, if not of arithmetical proportion generally, as

a reforming measure of the income-tax. As there are incomes and incomes,

so there are terminable incomes and terminable incomes. If the terminable

income be the terminable tenure of a pure interest-value, such, practically

speaking, as a life-interest in land or iu consols, to tax it at the same rate

as a permanent income is to tax each according to its capital-value. If,

however, the terminable income be an income that is made up partly of

interest-value and partly of capital that terminates, not simply as a legal

right, but by gradually exhausting its source, then to charge such income at

the same annual rate as a permanent one of similar amount is not to tax it

according to its capital-value—a truth repeatedly demonstrated by the

actuaries before Mr. Hume's committee, and evident from the reflection that

the capital-value of the source is, by the very nature of the income, continu-

ally passing away, whilst the tax remains the same. Under the conditions

stated, the tax on the one terminable income would be a tax on pure

interest-value, the tax on the other would bo a tax on a mixture of interest-

value ^j7its capital. By combining the propositions of the actuaries and of

Mr. Warburton, each true in its own sphere, but each erroneous when
applied to the other, we may conclude that the results obtained from the

capitalization of tenures are identical with those obtained from the absolute

valuation of sources ; and both may be quoted in confirmation of those

obtained from the principle of interest-value.

Capital-value in relation to 'personal riches and property. Common measure

of value as needful for equal exemption as for equal taxation.—Another appli-

cation of capital-value as a measure, however, cannot be so quoted. The
taxation of a particular property according to capital-value may be inter-

preted as taxation, not according to the worth of that particular property,

but according to the absolute worth or financial position of the person who
owns it ; and siich a method of levy has been erroneously defended as

taxation according to ability. In this view a rich man ought (considerations

of practicability apart) to pay a heavier duty upon his dog, liis bottle of wine
or whiskey, than a poor man ; and, the estates being equal, the owner of a

permanent tenure would pay more for each year's possession than would the

owner of a limited one. Such a theory of capital-value may not be general,

but it has a certain degree of popiilarity, and seems to be constantly getting

itself mixed up not only with discussions but even with legislation .on the

incidence of the income-tax. It may be questioned whether the operation of

this theory is not visible, for example, in the exemption from imperial direct

taxation (recently so largely extended) of large masses of property in the

country including many thousands of acres of land, in consequence of the

accident of their ownership. Property thus exempted becomes property

taxable by mere change of possession, irrespective of the intrinsic nature or

value of the property itself. To exempt in an income-tax the necessary
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outgoings of the source of income, be it labour or land, is merely to confine

the tax to its own stated objects, viz. to income proper ; but to exempt or

lo^Yer the rate on this income proper, merely in consideration of the personal

status of its owner, is to travel into quite a different region—it may be into

the region of national charity, or into that of some other pi'inciplc, but

assuredly far away from that of equality in taxation. It may be added that

such exemptions, even when admitted, need a common measure of value for

their rational application. There are small incomes and small incomes

—

incomes that are pure interest-values, incomes that are pure drafts on capital,

and incomes that are mixtures of interest-value and draft on capital ; and

the equal exemption of these kinds, as in the present income-tax, is as un-

equal as would be their equal taxation. As before said, the interest-value

measure itself would exempt all small labour-incomes to the extent of their

necessities without further special rule.

Beaeings of Common Measttee ov Value on General Taxation and
National Income.

11. Common measure of value necessary to tlie adjustment of general tax-

ation : fallacies from its absence.—" Your Committee also feel that it would
be unjust to make any alteration in the present incidence of the income-tax,

without at the same time taking into consideration the pressure of other

taxation upon the various interests of the country, some of it imposed by recent

legislation, and in one case especially, that of the succession duty, to some
extent by way of compensation." This, written in 1861, is the last sentence

of the Eeport of the Select Committee appointed in that year on the equa-

lization of the Income-tax ; and perhaps no paragraph could be qiioted as a

stronger argument for the necessity of determining a common measure of

value. It may, indeed, be thought by some that for the j)urpose of internally

equalizing a tax over its own area, be that area sugar, coffee, or incomes, a

preliminary inquiry into the pressure of taxation in general is somewhat of

a work of supererogation ; and it may not be mathematically obvioi;s to

others what possible sort of compensation can exist between the inequalities

of a tax, or a set of taxes, that are almost stationary, and those of one that

changes with every national emergency—that in twenty years has actually

compassed the extremes of sixteenpence and twopence in the pound, with

every variety of intermediate oscillation. But assuming it to be advisable

for the purpose in question, as it must doubtless be always generally useful,

to know the comparative pressure of taxation as a whole upon the interests

of the country, it is clear that such a knowledge implies their valuation

through a common measure, and is, indeed, as impossible without it as would

be the knowledge of the weights of different things without weighing them

by a true balance. Eminent statists have, indeed, attacked this problem,

using income itself as the means of the comparison, though oftentimes without

a sufficient preliminary examination of the accuracy of their instrument.

Comparing the statistics of different classes of income, as collected from the

government returns and from inquiries specially made, with the statistics of the

corresponding classes of taxation, they have sometimes concluded that general

taxation is, as a whole, tolerably equal. The truth of this conclusion evidently

depends upon the uniformity of the standard employed. As, however, this

uniformity has no existence (the government returns alone presenting at

least five or six different modes of estimate), the argument can prove nothing

as regards general equality, except its absence ; but does prove that taxation

D 2
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in general, regarded as a larger income-tax, is equtdl)' in want of a common
measure with the income-tax proper. So far from the measurement of the

income-tax proper being dependent on the measurement of general taxation,

the measure that underlies them both is one and the same ; and, indeed, the

tnie view of an income-tax is that it should be a perfectly just and equal

tax in itself, rather than an imperfect tax compensating the imperfections of

other taxes.

Common measure of value necessaryfor finding national income andtuealth :

fallacies from its absence.—The evil consequences of a want of a common
measure of value, seen in the comparison of incomes for purposes of taxation,

is also seen when they are added togetlicr for the exhibition of the amoi;nt

of national income and wealth. To find this national income, the government

returns of the income-tax have been taken, and to this miscellaneous aggre-

gate the exempted incomes of the country, including manual-labour wages,

have been added, as if all were of one equal and uniform denomination.

Much of such income, however, as has been repeatedly pointed out, is only

the consumption of capital. Within the period of a generation, say thirty

years, all the value of human labour, pZus the cost of maintaining it, passes

into the category of labour-income. Within longer but varying periods the

value of all houses, j^Iks the cost of repairing them, passes into the categorj'

of house-income. Within still more varying periods all the mining wealth

of the country must pass into the category of mining-income and disappear
;

and all capital of terminable annuities passes into terminable income. By
some writers this medley of so-called income (but no more income than the

payments for exj)orts are income, or drafts on bankers are income) has ever

been capitalized at one (and that an extreme) rate, to get the national wealth,

the result of the whole process being an exaggerated and practically mis-

chievous estimate of national income, of national wealth, and of the nation's

capacity to bear taxation. Probably no better example than this could be

given of the necessity of a common measure of value. Common measures

(common units) are the souls of statistics, as, indeed, they are of knowledge
generally. Without them statistics are a mere incoherent mass of facts,

usurping the semblance and function of exact science. A common measm'e
of income, discovering the amount of the element common to rent, wages,

profits, and interest, determines the true increment of wealth considered in

its widest sense, and expresses both the extent and the ratio of economic

progress. This common measure may be briefly described as interest-vahie :

it is an essential, if not the fundamental, basis of taxation.

Report of the Committee, consisting of Professor Clerk Maxwell,
Professor J. D. Everett^ and Dr. A. SciiusteRj for testing experi-

mentally Ohm's Laiv,

TnE statement of Ohm's laAV is that, for a conductor in a given state, the

electromotive force is proportional to the current produced.

The quotient of the numerical value of the electromotive force divided by
the numerical value of the current is defined as the resistance of the con-

ductor ; and Ohm's law asserts that the resistance, as thus defined, docs not

vary with the strength of the current.
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The difficulty of testing tliis law arises from the fact that the cinrcnt

generates heat and alters the temperature of the couductor, so that it is ex-

tremely difficult to ensure that the conductor is at the ^ame temperature

when currents of different strengths are passed through it.

Since the resistance of a conductor is the same in whichever direction the

current passes through it, the resistance, if it is not constant, must depend

upon even powers of the intensity of the current through each element of

the conductor. Hence if we can cause a current to pass in succession

through two conductors of different sections, the deviations from Ohm's law

will bo greater in the conductor of smaller section ; and if the resistances of

the conductors are equal for small currents, they will be no longer equal for

large currents.

The first method which occurred to the Committee was to prepare a set of

five resistance-coils of such a kind that their resistance could be very accu-

rately measured. Mr. Hockin, who has had great experience in measuring

resistance, suggested 30 ohms as a convenient magnitude of the resistance

to be measured. The five coils and two others to complete the bridge were

therefore constructed, each of 30 ohms, by Messrs. Warden, Muirhead, and

Clark, and it was found that a difference of one in four millions in the ratio

of the resistance of two such coils could be detected.

According to Ohm's law, the resistance of a system consisting of four

equal resistance-coils joiued in two series of two should be equal to that of

any one of the coils. The current in the single coil is, however, of double

the intensity of that in any one of the four coils. Hence if Ohm's law is not

true, and if the five coils when compared in pairs with the same current arc

found to have equal resistances, the resistance of the four coils combined

would no longer be equal to that of a single coil.

A system of mercury-cups was arranged so that when the sj^stem of five

coils was placed with its electrodes in the cups, any one of the coils might be

compared with the other four combined two and two. After this comparison

had been made, the system of five coils was moved forward a fifth of a revolu-

tion, so as to compare the second coil with a combination of the other four,

and so on.

The experiments were conducted in the Cavendish Laboratory by Mr. G.

Chrystal, B.A., Fellow of Corpus Christi College, who has prepared a report

on the experiments and their results.

A very small apparent deviation from Ohm's law was observed ; but as this

result was not confirmed by the much more searching method of experiment

afterwards adopted, it must be regarded as the result of some irregularity in

the conducting-power of the connexions.

The defect of this method of experiment is that it is impossible to pass a

current of great intensity through a conductor without heating it so rapidly

that there is no time to make an observation before its resistance has been

considerably increased by the rise of temperature.

A second method was therefore adopted, in which the resistances were com-

pared by means of strong and weak currents, which were passed alternately

through the wires many times in a second. The resistances to be compared

were those of a very fine and short wire enclosed in a glass tube, and a long

thick wire of nearly the same resistance. When the same current was passed

through both wires, its intensity was many times greater in the thin wire

than in the thick wire, so that the deviation, if any, from Ohm's law would

be much greater in the thin wire than in the thick one.

Hence, if these two wires are combined with two equal large resistances in
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Wheatstone's bridge, the condition of equilibrium for the galvanometer will

be different for weak currents and for strong ones. But since a strong current

heats the fine wire much more than the thick wire, the law of Ohm could not

be tested by any ordinary observation, first with a weak current and then

with a strong one, for before the galvanometer could give an indication the

thin wire would be heated to an unknown extent.

In the experiment, therefore, the weak and the strong current were made
to alternate 30 and sometimes 60 times in a second, so that the temperature

of the wire coiUd not sensibly alter during the interval between one current

and the next.

If the galvanometer was observed to be in equilibrium, then, if Ohm's law
is true, this must be because no current passes through the galvanometer,

derived either from the strong current or the weak one. But if Ohm's law is

not true, the apparent equilibrium of the galvanometer-needle must arise from

a succession of alternate currents through its coil, these being in one direction

when the strong current is flowing, and in the opposite direction when the

weak current is flowing.

To ascertain whether this is the case, wo have only to reverse the direction

of the Aveak current. This will cause the alternate currents through the gal-

vanometer-coil to flow both in the same direction, and the galvanometer will

be deflected if Ohm's law is not true.

Mr. Chrystal has drawn up a report of this second experiment, giving an
account of the mode in which the various difficulties were surmounted.

Currents were employed which were sometimes so powerful as to heat the

fine wire to redness ; but though the difficulty of obtaining a steady action of

the apparatus was much greater with these intense currents, no evidence of

a deviation from Ohm's law was obtained ; for in cverj- experiment in which
the action was steady, the reversal of the weaker current gave no result.

The methods of estimating the absolute values of tho currents are described

in the Keport.

A third form of experiment, in which an induction-coil was employed, is

also described ; but though this experiment led to some very interesting re-

sults, the second experiment gives the most searching tost of the accuracy of

Ohm's law. Mr. Chrystal has put his result in the following form.

If a conductor of iron, platiniim, or German silver of one square 'centimetre

in section has a resistance of one ohm for infinitely small currents, its re-

sistance when acted on by an electromotive force of one volt (provided its

temperature is kept the same) is not altered by so much as -^tj^ part.

It is seldom, if ever, that so searching a test has been applied to a law which
was originally established by experiment, and which must still be considered

a purely empirical law, as it has not hitherto been deduced from the funda-
mental principles of dynamics. But the mode in which it has borne this test

not only warrants our entire reliance on its accuracy within the limit of
ordinary experimental work, but encourages us to believe that the siinplicity

of an empirical law may be an argument for its exactness, even when we are

not able to show that the law is a consequence of elementary dynamical
principles.

First Experiment. Christmas 1875. By Gr. Chrystal, Cavendish Laboratory,
Cambridge. Communicated by J. Cleek Maxwell.

If the electromotive force between two points of a uniform linear con-

ductor measured in appropriate units by means of an electrometer be E, and
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tho quantity of electricity that passes through any section of the conductor in

unit time, measured either by a galvanometer or by a voltameter, bo C,»thcn,

E
according to Ohm's law*, - is directly proportional to the length of tho con-

ductor, and inversely proportional to the area of its section.

The coefficient of proportionality for a definite-^ substance depends merely

on the temperature of the substance ; for unit length and unit section of a

given substance the value of the ratio — for a given temperature is called the
\j

specific resistance of the substance for that temperature, and is one of the

most important of its physical constants.

This law has been directly verified by its discoverer, and by Becquerel,

Davy, Fechncr, Kohlrausch, and others ; and indirectly it has been verified

for a great variety of substances with a degree of accuracy approached in few

physical measurements.

Lately, in discussing some experiments of his own, Dr. Schuster has raised

the question whether after all Ohm's law is only an approximation, the limit

of whoso accuracy lies within the region of experiment. We might suppose
pi

that tho ratio -^, J was some function of C", say

c

where R is a constant very nearly equal to what has hitherto been called the

specific resistance, and S is a small constant which, according to Dr. Schuster's

suggestion, would be positive. It is clear that — call only be an even function
\j

of C, unless we admit unilateral conductivity, for which there is no experi-

mental evidence in a purely metallic circuit.

A Committee of the British Association, appointed to consider the subject,

were of opinion that it Avas of importance to attempt a further experimental

verification of Ohm's law.

At the suggestion of Professor Maxwell, the experimental details of two

methods of verification proposed by him were undertaken by the writer of

this Report. Of the two experiments representing these methods the second

is by far the most conclusive. It not only avoids the difiiculty of eliminating

temperature effects, which to a certain extent interfere with the first experi-

ment, but it pushes tho verification of Ohm's law very near the natural limit

of all such verifications, viz. the limit of the solid continuity of the conductor.

It has thus been rendered proba))le that experiment cannot detect any

deviation from Ohm's law, cither in the direction indicated by Dr. Schuster,

or in the opposite direction as suggested by Weber, even in wires that have

been brought by the electric current to a temperature beyond red heat.

A third experiment was also tried by the writer of this Report ; its result

agreed with the others, but, owing to certain peculiarities, it is less conclusive

than they are. It led, however, to interesting results of another kind, which

* The current is Bupposecl to be steady.

t By definite is meant in a given physical condition, except as regards E.M.F. and flow

of E, and temperature. The last is excepted because we are brought face to face with

possible temperature variations iii the first experiment.

X We suppose tlie conductor to be of unit length and unit section. It is of course the

specific resistance which is in question ; and this, if variable, will depend on the current

per unit of section.
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seem to show, among otlicr things, that conclusiocis rcBpccting the accuracy
of Ohm's law cannot safely be drawn from experiments of the nature of

those made by Dr. Schuster.

FiEST Experiment.

Suppose that we had five resistance-coils, which, when compared with each
other by means of the same current, were equal, say each = E. That is to

say, if any two of the resistance-coils were inserted in the branches A B and
U D of a Whcatstone's bridge, the other tAvo arms, A C and C D, being two
other equal resistances, then the galvanometer G inserted betM'cen E and C
would indicate no current.

Fig. 1. Kg. 2.

Suppose now that we replace the coil E in BD by four of the equal coils

arranged in multiple arc, as in fig. 2. Then, if Ohm's law be true (i.e. if

resistance be independent of current), if p be the resistance between B and D,

1 _ ^ J. = 1
p 2E 2R E'

I.e. p=E, and there will still be no deflection in the galvanometer. But if

Ohm's law bo not true, and the resistance be a function of the current, then,

since the current through A B is nearly the same as in the first experiment,
while that through B E D and B F D is half, the resistances in B E, E D, B F,

F D will bo no longer eqiial to E, but either greater or less, and the galvano-
meter will be deflected.

Under the direction of Professor Maxwell, part of the funds at the disposal

of the Committee were devoted to providing two sets of coils sijecially

adapted for the above experiment. One set consisted of five coils of silk-

covered German silver wire (diameter -G millim.), each of resistance as nearly

as possible equal to 30 B.A. units. These were all wound together in the

usual way round one bobbin ; the terminals consisted of ten pieces of stout

copper wire, insulated from each other by a ring-shaped piece of ebonite,

through which all of them passed. These stout wires were bent over, and
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cut as nearly as possible of the same length, so that their amalgamated ends

might go in pairs into mercury-cups. The wire and bobbin were enclosed

between two coaxial cylinders of sheet brass, which were fastened to the

ebonite piece above, and connected by a ring of sheet brass beloAV. The
whole had a rough resemblance to a large spider. The other set consisted of

two coils made of the same wire, and having each as nearly as x^ossible the

same resistance. They were arranged in the same way, except that the ter-

minals of the same coil were adjacent.

As the adjustment of the coils was necessarily not perfect, the experiment

could not bo tried exactly as described in the above scheme. I decided,

therefore, to operate as follows :—First, to compare each coil of the five with

the coil next in order ; the differences between any two coils could then be

found in terms of an arbitrary unit (the resistance of a tenth of a millimetre

of the platinum-iridium bridge wire at the temperature of the room during

the experiment) ; second, to compare each coil with the foux others arranged

in multiple arc, as before described. The results thus obtained were com-

pared, as will be described further on.

To facilitate these comparisons, the following aiTangement of mercury-cup

connexions was made for me by Mr. Garnctt, of fit. John's College, the

Demonstrator at the Cavendish Laboratory :

—

Fig. 3.

To a massive board are glued five large mercury-cups, made of boxwood,
with a piece of amalgamated sheet copper at the bottom. Into these go the

ten teiininnls of the five coils, so that there would be metallic connexion

round all the five coils in scries were it not that the cuj) A is divided by a

piece of vulcanite, which insulates the two terminals in that cup. ? is a

stout copper bow connecting B and the lower division of A ; to this bow is

soldered one of the galvanometer terminals. Into the cups u and v dip the

two terminals of one of the two coils, m is a stout bow of copper connecting

the upper half of A with u. Another bow goes from v to F, one end of the

bridge, which is the instrument used by the British-Association Committee of

1863, and will be found described at p. 353 of the Eeport (1864) of the Com-
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mittee on Electrical Standards. To m is soldered one of the battery terminals.

The connexions on the right are similar to those on the left, and may be un-

derstood from the diagram. The other galvanometer terminal goes to the

contact-block L. The battery used consisted of twelve Leclanche's cells, the

Avhole internal resistance of which was about 13 B.A. units, its E.M.F. being

about 16 times that of a Dauiell. The whole resistance of the bridge from F
to Gr was about -075. The galvanometer is an instrument made by EUiott

Brothers, belonging to the British Association ; its resistance is about half a

B.A. unit.

Good contact between the feet of the copper terminals of the quintuple coil

and the bottom of the mercury-cups was secured by placing a weight on the

top of the coil ; the spring in the terminals was thou sufficient to ensure

contact everywhere.

In the arrangement figured in the diagram the coil p is balanced against a

multiple arc, containing q and r in one branch, and s and t in the other.

To compare one single coil with the next single coil, I is removed, and one

end of the galvanometer wire connected instead with the cup E, while m is

made to connect the lower instead of the upper half of A with u ; with this

arrangement the coil t is balanced against the coil s.

The coils in the quintuple coil are numbered 1, 2, 3, 4, 5 ; and in experi-

ments with multiple arc the coil between A and B is referred to as the

" single coil ;
" in experiments with single coUs those between D and E

and E and A are called right coil (E.G.) and left coil (E.G.); the coils

between iv and .v and u and v are called right and left middle coils (E..M.C.

and L.M.C.), and are numbered 1 and 2. The bridge is read from left to

right.

Some preliminary experiments were made with the apparatus, which

showed that the coils had been very well adjusted by the makers, Messrs.

Warden, Muirhead, and Glark. It was found that with the arrangement

described (the best at our command in the Cavendish Laboratory), the bridge

could be read to a quarter, if not to an eighth of a millimetre. A small

correction was found necessary for the magnetic field, due to the current in

the bridge connexions ; this was allowed for by adjusting a loop of the

battery-wire till the galvanometer showed no effect when the battery was

turned on. Thermoelectric currents in the galvanometer circuit, owing to

heating from the hand at the contact-block, were avoided almost entirely by

using two pieces of wood, which were interposed between the fingers and the

block, and were continually changed so as not to get hot.

The order of experiment was generally as follows :—The weight was ad-

justed on the quintuple coil, the battery was thrown in for a moment by

means of a treadle which closed the battery circuit ; if there was no direct

effect on the galvanometer, the battery was thrown out, and contact made at

the block ; the spot of light on the scale was watched through a reading-

telescope, and if it was at rest* the battery was thrown in : the deviation

indicated which way the block had to be moved to get a balance. Two or

three trials in general sufficed to get the balance. Tlic bridge was then

read ; the middle coils were then reversed, the balance foimd, and the bridge

read again. The difference of the readings gives the difference of the resist-

ances of the middle coils, as may easily be shown (see ' Journal of Society of

Telegraph Engineers,' Oct. 1872). The middle coils being replaced as before,

the quintuple coil was moved round one step, and the same process repeated.

* On the avoidance of small thermoelectric effects, see below iu the discussion of the

second experiment.
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Formula of Reduction.

Let the right-hand middle coil (No. 1) be taken to be 30 ohms, the bridge-

wire being -075 of the same units. Let t denote the resistance of this coil,

the unit being the resistance of a tenth of a millimetre of the bridge-wire,

therefore

30x10000
r=-

•075
:= 4000000.

Let the resistances of 1, 2, 3, 4, 5 of the quintuple coil, measured in the

same units, be r-f-a, r+ /3, r+ y, r+ o, 7--|-e.

Hence, comparing middle coil 1 with 2, 1 being on the right,

r+ g _ r+ 5 4-D+ a? ,..

r+ fl 7+ rOOOO + a-a?' ^ ''

where r+ D = resistance of middle coil 2, x the bridge-reading, a and h the

resistances of the connexions at its two ends. This gives

«-/3={D-a~6+2(.r-5000)}{l-^'^^^^'}, • • (2)

all other terms being negligible.

Now the greatest possible value of 10000

—

x is 6000, since the readings

never went below 4000, and D -|- 2ix— 5000) was never greater than 400.

Hence the terra involving
1000-

--- is less than

400x6000
To'4000000

and is therefore negligible, since we do not read beyond tenths of a milli-

metre. Hence we may use the formula

o-/3= D-^?^-|-2(^'-5000) (3)

Similarly, in comparing one coil against four, we get the formula

«-?(|3+r+S+e) = D-^^-l-2(^-5000). . . (4)

To find a— h, the "bridge correction," a reading is taken with tlie coils

Fig. 4.

arranged as usual either for a single experiment or for a multiple-arc ex-

periment : let this reading be x. Then the connexions are crossed, as in the
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figure, fey introducing two new pieces of copper and two more mercury-cups,

the arrangement independently of the bridge being very nearly symmetrical

:

let the reading now be x'

.

Assuming that the resistances of the movable cups and bows at the two

ends are equal, =-lc in one case, =7^' in the other, then

P+ 7c-+rt+ Z-.r _ A

P+ Ar+rt+ Z-.r A

Similarly,

r+ Q4-27.-+ «+ ^ + ^ A+ B

P+ 7c-- + 7>+ .r' ^ __A^
.

p+ (i+ 27c:'+«+ 6+ Z ~ A+ li'

r ^ Tc^a^l-x 1 f -, _ 2X-+a+ 6
\

I ' P J I P+Q+T J

-|i + --p-
I r~ p+a+z /'

• 1 U
^^•+ «+lllf _ 7c:+ |(«+ ^>)

• -^-h- P P

-i+ p
^p

,

.•.rt-6=a,'+.'j;'-10000.

A variety of experiments were made with the coils arranged sometimes in

one way, sometimes in the other, and closely agreeing values of « — 6 were

found varying from 52 to 58.

Correction for want of Syminetr)/.

Referring back to fig. 4, we see that in the arrangement for multiple-

arc experiments the connexions are not quite symmetrical. Tlic copper bows

were all nearly of the same length and thickness : let the' resistance of one

of them be 2h. Let also the average resistance of a mercury-cup be 2r.

Then we get for the addition to ^(l3+ y + S+ e),

i(2b+ 10r)+ b + r,

for the addition to a 2h+ 4r. Hence a— :^(/3+ y +2-|-e) is too great owing

.
.(>,'>'

to the connexions byp+^-

Various experiments were made to find the value of h-{-r, and all gave

very nearly the same result. The following is a specimen :—A copper bow
very slightly longer than those in the connexions was inserted l)y means of

an additional mercurj'-cup, first on the right then on the left of the bridge
;

the readings were 5032 and 4982, the diflTercnce being 50
;

.•.2(6 + r)= 50,

h r
•••2+2=12.

The correction was actually taken to be 10.

Limits of Temperature Effects.

The coils were arranged for a multiple-arc experiment ; the balance was
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taken at 3.25; the battery was then thrown iu and kept in for about a

quarter of an hour with the following results :

—

h m X.

3 25
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diiference between 2 and 3, by heating 2 and comparing it with 3 scarcely

heated, if at all, was 16.

The above peculiarities suggested to me to make a set of experiments on
the plan of keeping the current going as much as possible. It was hoped
that thus a certain hmiting state, as regards temperature, would be arrived

at, which from the construction of the coils would in a great measure be

independent of small variations of temperature in the experimenting-room *.

This method of proceeding would not introduce any error in the com-
parison of single coil with single, and the error introduced into multiple-arc

experiments would be regular and could be alloM'ed for. The last of the sets

of experiments given below was conducted on this plan with satisfactory

results.

Tabular Scheme of best Experiments.

Single Coirwitli Single.
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Reduction and Comparison of the foregoing Experiments.

D.
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it is excessively small : suppose we call it —20 for convenience of calculation ;

this corresponds to the fraction ^^^^=^^ of 30 ohms.

But the whole deviation is probably introduced by some slight defect in

the apparatus, and part at least can be accounted for ; for it occurred to me,

in looking over the results quoted above, that a defect in the insulation at

the divided cup would partly account for such a deviation. Suppose that

the divided cup offered a very large, but not infinite, resistance / to the

passage of the current, then the single coil in multiple-arc experiments would111
be replaced by a multiple arc of resistance E', where i7l=5r)+ :^'

^"^'"
11^ = 30-^'.

Now let us find what / inust be to give a decrease of 20 in our observed

value of u — Kft+ y + o + e):

30^_ 20

/ lOOOO'^'^

7=6,000,000

that is,/=6 megohms. Curiously enough, when I proceeded to measiu'c the

insulation resistance of the divided cup it came out very nearly 6 megohms

;

but the insulation resistance between any two of the remaining cups was

found to be about 12 megohms, which reduces the correction somewhat. The

complete solution of the problem would be complicated ; but we may approxi-

mate by considering each of the coils in the multiple arc replaced by a

multiple arc whose arms are 30 ohms and 12 meghoms respectively ; this

requires that /3, y, 2, e should each be reduced by 10. Hence the whole reduc-

tion in a—^Q3+y+ d+ e) would be on this supposition 10. It would really

be somewhat less ; however, this would almost bring the deviation between

observation and calculation within the limits of experimental error. Any
remaining ditference is probably duo to a defect in some mercury-cup in the

multiple arc, for there being more there than on the other side of the balance

the chance of a defect is greater.

It ought to be mentioned that the insulation of the quintuple coil was

tested, and found in every case to be of a higher order of magnitude than a

megohm.
Some time after the series of experiments just described, I dismounted the

mercury-cups from the stand, which had meantime been carefully dried on

the hot-water pipes in the laboratory. Each cup was remounted with a

piece of gutta percha between it and the board ; and the divided cup, which

was found radically defective, was replaced by two mercury- cups on separate

'pieces of insulating material. The insulation between every pair of cups was

then tested afresh and found in every case of a higher order than a megohm.
The experiments were then repeated with the altered stand. The sensi-

bility of the arrangement was about the same as before, although a less

electromotive force was used (10 cells). The results were much the same

as before, except that the sum of the values of a— K/S+y-f^-l-e), &c. was
now much smaller, two experiments giving —-31 and —34. Dividing this

by 5, we get — G for the average deviation, which is very small. The fact

that we still get a result in the same direction shows that this is not an

accidental error ; but it might very well be accounted for by some of the

suppositions mentioned already. It might also arise from over-correction for

symmetry.
-^
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On the whole, therefore, we cannot conclude that there was any denation
fronti Ohm's law under the circumstances of this experiment. It is hardly
worth while to estimate the value of this experiment quantitatively, as the
second experiment now to be described is so far superior in this respect.

Second Experiment.

Introduction, by Prof. Maxwell.

The service rendered to electrical science by Dr. G. S. Ohm can only be
rightly estimated when we compare the language of those writers on electri-

city who were ignorant of Ohm's law with that of those who have understood
and adopted it.

By the former, electric currents arc said to vary as regards both their
" quantity " and their " intensity," two qualities the nature of which was
very imperfecly explained by tedious aud vague expositions.

In the writings of the latter, after the elementary terms " Electromotive
Force," " Strength of Current," and " Electric Resistance " have been defined,

the whole doctrine of currents becomes distinct and plain.

Ohm's law may be stated thus ;

—

The electromotive force which must act on a homogeneous conductor in
order to maintain a given steady current through it, is numerically equal to

the product of the resistance of the conductor into the strength of the current
through it. If, therefore, we define the resistance of a conductor as the
ratio of the numerical value of the electromotive force to the numerical
value of the strength of the current, Ohm's law asserts that this ratio ig

constant—that is, that its value does not depend on that of the electro-

motive force or of the current.

The resistance, as thus defined, depends on the nature and form of the

conductor, and on its physical condition as regards temperature, strain, &c.

;

but if Ohm's law is true, it does not dejiend on the strength of the current.

Ohm's law must, at least at present, be considered a purely emjiirical

one. No attempt to deduce it from pure dynamical principles has as yet

been successful ; indeed Weber's latest theoretical investigations * on this

subject have led him to suspect that Ohm's law is not true, but that, as the

electromotive force increases without limit, the current increases slower and
slower, so that the " resistance," as defined by Ohm's law, would increase

with the electromotive force. On the other hand, Schuster t has described

experiments which lead him to suspect a deviation from Ohm's law, but in

the opposite direction, the resistance being smaller for great currents than
for small ones.

LorentzJ, of Leyden, has also proposed a theory according to which Ohm's
law would cease to be true for rapidly varying currents. The rapidity of

variation, however, which, as he supposes, would cause a perceptible deviation

from Ohm's law, must be comparable with the rate of vibration of light, so

that it would be impossible by any experiments other than optical ones to

test this theory.

The conduction of electricity through a resisting medium is a process in

which part of the energy of an electric current, flowing in a definite direc-

tion, is spent in imparting to the molecules of the medium that irregular

agitation which we call heat. To calculate from any hypothesis as to the

molecular constitution of the medium at what rate the energy of a given

* Pogg. Anu. 1875. t Eeport of British Association, 1874.

X Over de Terugkaatsiug en Breking van het Licht. Leiden, 1875.

1876. B
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current would be spent in this way, would require a far more perfect know-
ledge of the dynamical theory of bodies than we at present possess. It is

only by experiment that we can ascertain the laws of processes of which we
do not understand the dynamical theory.

"We therefore define, as the resistance of a conductor, the ratio of the

numerical value of the electromotive force to that of the strength of the

current, and we have to determine by experiment the conditions which affect

the value of this ratio.

Thus if E denotes the electromotive force acting from one electrode of the

conductor to the other, C the strength of the current flowing through the

conductor, and E. the resistance of the current, we have hy definition

C

and if H is the heat generated in the time t, and if J is the dynamical equi-

valent of heat, we have by the principle of conservation of energy

"F"

JH=EC<=EC2f=^ t.

The quantity R, which wo have defined as the resistance of the conductor,

can be determined onlj- by experiment. Its value may therefore, for any

thing we know, be affected by each and all of the physical conditions to

which the conductor may be subjected.

Thus we know that the resistance is altered by a change of the temperature

of the conductor, and also by mechanical strain and by magnetization.

The question which is now before us is whether the current itself is or is

not one of the phj-sical conditions which may affect the value of the resist-

ance ; and this question we cannot decide except by experiment.

Let us therefore assume that the resistance of a given conductor at a

given temperature is a function of the strength of the current. Since the

resistance of a conductor is the same for the same current in whichever

direction the current flows, the expression for the resistance can contain

only even powers of the current.

Let us sujjpose, therefore, that the resistance of a conductor of unit

length and unit section is

r (l+sc^+sV+ &c.),

where r is the resistance corresponding to an infinitely small current, and
c is the current through unit of section, and s,s' iSrc. are small coefficients to bo

determined by experiment. The coefficients s, s' &c. represent the devia-

tions from Ohm's law. If Ohm's laAV is accurate, these coefficients are zero

;

also if e is the electromotive force acting on this conductor,

e=rc(l+sc^+ s'c*+ &c.).

Now let us consider another conductor of the same substance whose length

is L and whose section is A ; then if E is the electromotive force ou this con-

ductor, and e that on unit of length,

E = L<'.

Also if C be the current throvigh the conductor and c that through unit of

area.
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Uonce the resistance of this conductor will be

l+«^+?^+ &c.'

Now lot us suppose two conductors of the same material but of different

dimensions arranged in series and the same current passed through both :

where the suffixes indicate to which conductor the quantities belong. TIio

ratio of the resistances is

Hence if Ohm's law is not true, and if, therefore, any of the quantities s, s',

&c. have sensible values, the ratio of the resistances will depend on the

strength of the current.

Now the ratio of two resistances may be measured with great accuracy
by means of Wheatstone's bridge. .

^
.

We therefore arrange the bridge so that one branch of the current passes

first through a very fine wire a few centimetres long, and then through a

much longer and thicker wire of about the same resistance. The other

branch of the current passes through two resistances, equal to each other,

but much greater than the other two, so that very little of the heating-effect

of the current is produced in these auxiliary resistances.

The bridge is formed by connecting the electrodes of a galvanometer, one
to the junction of the fine wire and the thick one, and the other to a point

between the other two resistances.

We have thus a method of testing the ratio of the resistances of the fine wire
to that of the thick one ; and by passing through the bridge sometimes a feeble

current and sometimes a powerful one, we might ascertain if the ratio differed

in the two cases.

But this direct method is rendered useless by the fact that the current

generates heat, which raises the temperature of both wires, but that of the

thin wire most rapidly ; and this makes it impossible to compare the effects

of strong and weak currents through a conductor at one and the same
temperature.

It is also useless to work with weak currents, as the effect dej^ends on
the square of the current, and is so small as to have escaped observation in

all ordinary experiments.

Again, if we were to use a single very strong current acting for a very short

time, we should not be able to observe the galvanometer "in a satisfactory

manner. In fact it was found in the experiment that currents which lasted

for a sixtieth part of a second produced a heating-effect which interfered

with the measurements. The experiment was therefore arranged so that a
strong current and a weak one were passed through the bridge alternately

;

and when the bridge was so arranged that the galvanometer was in equili-

brium, the direction of the weaker current was reversed. If Ohm's law were
not true, the condition of equilibrium for strong currents would be different

e2



o:c llEPORT—1876.

from that for weaker ones, so that when the weak cnrrents were reversed

there would be no longer equilibrium. Since, in point of fact, the reversal

of the weaker currents did not affect the cqiiilibrium, it follows that the

bridge was in equilibruun for the weaker currents as well as for the stronger

ones, and therefore the conditions were the same for both, and Ohm's law

is true to within the limits of error of tlie experiment. The mode in

which the actual strength of the currents was measured and tlie limits of

error ascertained, are described in the following Report by Mr. Chrystal.

Report on the Second Experiment. By G. Chrystai,

As has been pointed out by Professor Maxvv'ell, the change in the specific

resistance of a linear conductor, if there be any such change owing to increase

or decrease of the current, will depend on the amount of current that passes

through unit of area of its section ; so that if C be the whole current passing,

r the specific resistance for infinitely small current, I the length, lu the section,

and h a constant depending on the nature of the conductor, then the resis-

tances of the conductor will be

or if E be the resistance for infinitely small currents, llf 1 — 7t— ) *.

It is clear, therefore, that by making up a resistance of very fine wire, say

^^ of an iuch in diameter, any such efiect as that we have been looking for

would be greatly multiplied. Accordingly the following experiment, the

principle of which is due to Professor Maxwell, was undertaken by the writer

of this Eeport.

The figure represents a Wheatstone's bridge, in which the resistances AB
and BD are each equal to a (in the actual

experiment 30 ohms), AC a resistance made
up of a thin wire wliose resistance for in-

finitely small currents is E, (this we sui^pose

to be duly corrected for temperature, as will

be explained by-and-by), and partly of a
length of the thick platinum-iridium wire
of the B.A. bridge, whose resistance is ,r.

CD consists of a resistance composed of thick

wire equal to E, and of the rest of the
bridge-wire, whose resistance is I — x.

With a current C, w being the section of
fine wire, its resistance is = E(l — /,C-),

where

h
" W

If P=j{nr7j tc the approximate resistance of the whole bridge (we suppose

that there is nearly a balance), B Ihat of the battery circuit; then E bcing-
the electromotive force of the battery.

Fig. 5.

C=
E

B-i-|o2E
= PE.

* The sign of h is chosen according to Schuster'^ 6ugg6stion.
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Then A denoting tho dctcriuinant of the system of resistances (see Max-
well's ' Electricity,' vol. i. p. 399), we have rj denoting the current in the
galvanometer,

5r='^{Z-2.i-+ R/.FE=}. . (1)

Prom (1) it follows at once that tho greater E, the further to the right the
balance will bo, provided /i is >0.

Let us now, instead of keeping up an electromotive force E constantly, make
an alternation some hundred times a second between an electromotive force

E and an electromotive force i/E *; then supposing each to operate for an equal
time, tho whole current through tho galvanometer is given by

o=i^W-^^^){^-\-y)'^+'^Fr-w{i+,f)} (2)

if the electromotive force has in both cases the same direction, and by

^=^i(^-2-^'Xl-2/)E+R^FE\l-y')} (3)

if the directions are opposite.

It appears, therefore, as was obvious without calculation, that the values
of X which give a balance are neither the same in the two cases (2) and (3),
nor equal to that in the case of either electromotive force acting continuously,
.In fact the balance is an apparent one if jeo be >0, due to the fact that we
are in case (2) as much under the balance for the larger electromotive force

{qua effect on the galvanometer) as we are over that for the smaller, so that
the needle is kicked equally this way and that so rapidly that it remains still.

Similar reasoning would show that the balance for case (3) lies most to the
right of all. In fact the values of x are :

—

Smaller electromotive force alone x = 4{Z+Ey.(P-?/^E-},

Case (2) x^ l{l+llf,VXl-y+ 7f)W},
Larger electromotive force alone x = ^{Z+EyuP^E^},

Case (3) x = i{l+R^,ni+y-\-f)W},

which are evidently in ascending order if ?/ be < 1,

Suppose now we find the balance for case (2) and then reverse our smaller
electromotive force ; the balance being thus disturbed, there will be a current
through the galvanometer ; and in order to experiment at the greatest advan-
tage this must be made a maximum.

Substituting the second of the above values of x in formula (3), we get

ff=lll^,V^W(y-f), (4)

which is a maximum as far as y is concerned Avhen y=l-, the value off/

being then

«EP-E^
ff=f^ 4A (^)

The advantage of this method of experimenting is that it eliminates to a great
extent the temperature effect, which is similar to the eftect we arc lookiug
for, except that it depends on the time, which the other probably would not

* N.B. In what follows ?/ is supposed < 1.
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do ; and it is of course opposite in direction. If we make our alternations

quick enough the wire will not cool sensibly during the smaller current, nor
heat sensibly during the larger, but will settle down to a mean temjierature

between that due to the larger and smaller currents.

In the above calculation we have supposed the resistance of the fine wire

for infinitely small currents to be that corresponding to this mean tempera-
ture, which will be constant throughout the experiment provided the electro-

motive forces do not vaiy.

If, however, the alternations are not quick enough to ensure temperature-

equilibrium, then the thin wire will be hotter during the passage of the larger

current than it is during that of the smaller ; and there will be an effect

opposite to that we arc looking for, a result which appeared- in many of the

experiments.

The experiment proved very difficult in practice, chiefly owing to the diffi-

culty experienced in getting a good alternator; and it was only after a great

many total or partial failures that any thing like success was attained. A
sketch of the progress of the experiment, with an account of the more im-
portant difficulties, and how they were finally avoided or overcome, may be of

some interest.

In the fii'st place the galvanometer indications in a Wheatstone's bridge,

arranged as above described, are somewhat peculiar.

Suppose we are somewhere near a balance for some temperature of the

thin Avire above that of the room ; then on turning on the current there is a

sharp kick in one dii-ection, say to the right, then a slower but still tolerably

quick swing over to the left, and then a gradual subsidence back to zero or

thereabouts, which may last for haK an hour or longer. If this were due
solely to variation in the resistance of the thin wire the curve of time-resis-

tance would be of this nature

—

Pig. G.

It had been found that the thin wire was very sensitive to air-currents,
merely blowing towards it from a considerable distance sending the spot off

the galvanometer-scale ; in fact to get any approach to steadiness the wire
had to be enclosed in a box, and latterly it was enclosed in a narrow tube,
and that again loosely rolled in a silk pocket-handkerchief, and the whole
enclosed in a box. It was therefore at first suspected that the peculiarity in
question was due to air-currents ; but some experiments with the wire in an
exhausted tube showed that it was due to some other cause. This cause was
found in the slow heating of the thick wire against which the thin wire was
balanced; and some obvious experiments were made confirming this con-
clusion*.

* The behaviour of the galvanometer is therefore explained in this way :—The first sharp
short lack ia due to the fact that before the thin wire is heated its resistance is much smaller
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This slow variation of the balance was sometimes avoided by letting the

batteries work until it had died away, and sometimes it was allowed for by
suitably arranging the order of experiment.

As it was of considerable importance to have a battery which could bo

relied on for constancy for some time, six large Dauiells were charged for

the purpose. They were cells intended for a Thomson's battery, but were

fitted up for convenience with copper plates IS inches square, upon which

was strewed sulphate of cojjper, which again was covered with a thin layer

of sawdust moistened with zinc sulphate, and on the top of this was placed a

heavy grating of zinc. Two piles were made consisting respectively of four

and two of these elements, and were used in most of the experiments. The
internal resistance of these piles ran to about 4 and 3 ohms respectively. The
electromotive force was repeatedly tested during the experiments.

At first a " Morse key " worked rapidly by the hand was tried for an alter-

nator; this method, though leading to no definite results, seemed to show

the possibility of success. Then a rotating alternator driven by hand was
tried ; but it was found that the results though much better were still very

much disturbed by the irregularities of the driving. Next a rotating alter-

nator was made by Mr. Garnett and fitted to a Jenkins governor ; this also

after repeated trials was given up, the main difficulty being that of getting up

sufficient speed without introducing so much resistance as to go beyond the

range of the governor. Some of the results got with this arrangement Avere

fairly good, however, and will be given below. In the arrangement adopted

in the final exiieriments the alternation "was managed by means of a pair of

electric tuning-forks. For the use of these during the Lent term I am in-

debted to the kindness of Dr. Michael Poster.

Final Arrangement.

Fig. 7, p. 56, gives a scheme of the final arrangement. AB is the

bridge already mentioned in the Eeport. EGG is the galvanometer circuit.

Between D and E and E and F are inserted two resistances of 30 ohms
each ; W is the fine wire, H a coil of thick German-silver wire of resistance

nearly equal to that of the fine wire, K a small resistance-box from which

twentieths could be got, the final adjustment being of course made by moving

the block G. D is connected with the stem of the tuning-fork PQ, whose

prongs are each provided with a dipper, and corresponding to the dippers

are two mercury-cups whose heights are adjustable. M and N are the piles

of four and two Dauiells. is a commutator, by means of which the smaller

battery can be thrown in either way, or thrown out altogether as desired.

One terminal of the commutator goes to the cup T, the other to F. The other

cup, S, is connected with one pole of the larger battery, the other pole of

which is connected with F through a key, L, by opening or closing which the

battery M may be thrown out or in at pleasure. The rest of the figure re-

presents an auxiliary battery, U, whose circuit goes throiigh another foi-k,V W,
working a break at W, and through the electromagnets of the forks VW
and PQ. This latter battery and fork therefore simply drive the fork PQ.

than that corresponding to a balance ; the quick swing in the opposite direction is due to

tlie sudden rise of temperature causing a corresponding increase of resistance; the slow

return movement is due to the increase of the balancing resistance owing to the gradual

development of heat in the thiek wire.
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rig. 7.

v@^,

The action of PQ, is obvious. "VMjen the prongs approach each other the
iipper dipper is depressed into the mercTiry iu S, while tlie lower dipper is

raised out of the mercury in T, so that the current of the larger battery
passes, aud vice versd when tlio prongs separate ; and it is easy enough liy

throwing a galvanometer iu instead of one of the batteries, and then setting
the fork going with the other on, to adjust the break in such a way tliat there
is perfect indepojidenee between the two currents. This test was in fact ac-
tually applied either at the beginning or end of each set of experiments. Wo
have thus alternately sent through the bridge certain definite fractions of
the whole current due to the large and small batteries. What fractions these
are will depend on the nicety with which the break is adjusted (with perfect
adjustment it would be one half of each), and also on the state of the mercury
surfaces and of the dippers. As may be imagined, the main difficulty of the
experiment lay in getting the dippers to work properly. Several sorts were
tried; plain copper amalgamated was found to act fairly well, but broad
spade-shaped pieces of platinum-foil answered on the whole best. The sur-
face of the mercury was covered with spirit, which is effectual so far in x>re-
ventingthe spoiling of the surface ; but ultimately the cups get clogged with
finely divided mercury, and tlien all regular action is at an end. It was
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found, however, that with some care the break could be got to work long

enough to allow of good results being obtained.

On account of this gradual alteration of the break, and for other reasons

n-i well, it was of vital importance to be able during the experiment to obtain

some measure of the amount of current that passed as representative of the

large and small current respectively ; for the experiment would obviously be

nugatory if, instead of the smaller current being nearly half the larger,

it became, owing to deterioration of contact in the cup S, equal to what ought

to be the larger current. To provide for this the experiments were conducted

as follows :—The balance was found, whether for larger currents alone or

smaller alone (acting directly or with the fork going), or for both together

in the same or in opposite directions ; then the block was moved as quickly

as possible 6 centims. from the position of balance, and the deflection which

then appeared was read off; this deflection is approximately proportional to

the current. Knowing then the electromotive force of either battery and its

internal resistance, one could not only tell v.'hether the currents wore passing

nearly in the right proportion, but also estimate roughly how much current

absolutely passed in each case. In some of the best experiments a more ac-

curate method was adopted:—The point D was "put to earth," and the point

E connected by means of a long insulated wire with one pair of the quadrants

of a Thomson's electrometer in the flat of the laboratory below the room where

tlic experiment was carried on; the other pair of quadrants being "put to

earth," the deflection observed on the electrometer-scale was a direct measure

of the electromotive force between D and E—that is, of the quantity denoted

above by g^E.

Before giving the quantitative results obtained from the most satisfactory

experiments, it maybe well to explain the principle on which these have been

selected from the others. In all the experiments quoted there was either

something remarkable, such as a high battery power, &c., or else the balances

were obtained imder very favourable circumstances, the spot of light being

very steady, and the proportions of current passing, as indicated by the

sensibilities* or electrometer measurements, being near the theoretically best

amounts. Often where the breaks were not working satisfactorily, by work-
ing quickly a qualitative experiment could be made, the behaviour of the

galvanometer indicating to an observer practised in the experiment that the

])roportions of current passing were not far wrong; and often part of an

experiment could be made perfectly satisfactorily, and then the apparatus

Avould go out of order. But in all the experiments, whenever the results were

at all intelligible (regular), the conclusion pointed to never differed from that

given by the best experiments, viz. either the balance for the currents in

opposite direction lay more to the left than that for the currents in the same
direction, or the two coincided. Of this the observer spared no trouble in

assuring himself even in experiments that wero quantitatively utterly value-

less.

The first set of experiments quoted, which are not of much value quan-

titatively, may serve to illustrate what has just been said. In this set the

time is given because the experiments'were made during the slow heating-

effect already alluded to. The spot of light was not perfectly steadj-, though
much steadier for the -\ balances than for the others ; the bridge-reading

is given to tenths of a millimetre, though of course in the present case for

* The deflection clue to six centimetres deviation from balance is called the sensibility.
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the + + balances accuracy to less than a millimetre was not attained. The
alternator was the rotating piece made by Mr. Garnett, driven by the

governor, which, judging by the regularity and smallness of the oscillations

of its brake-wheel, went very uniformly during the whole experiment. The

rate of revolution was about three turns (causing as many alternations)

per second. The sensibilities for -f-
-|- and + — were respectively about 150

and 45 during the experiment, so'that the large and small currents would be

proportional to about 97 and 52 respectively. The fine wire Avas a small

length of German-silver wire -^-l^ in. in diameter, whose resistance was

about 7"3 ohms ; and the counter-balancing resistance was 7'3 ohms, taken

entirely from the small resistance-box. The governor being started, the

batteries were set on at 4.G.

Time.



ON OHM S LAW. 59

the tuning-forks, and were at the rate of 60 per second. The resistance of

the thin wire was very nearly the same, and it was enclosed in a narrow tube.

The four Daniells had run down a good deal, being not quite equivalent to

three, and the two had varied in in'oportion. The resistance which balanced

the wire was, exclusive of the bridge-wire, 7-25 ohms.

Tiarge Battery.
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deal of the effect duo to temperature oscillations already referred to. lu one

experiment in particular in wliicli a Grove's batter}^ was used, with alterna-

tions at the rate of only thirty per second, this effect came out very strong,

the spot swinging off the scale when the smaller battery was reversed.

Without dwelling on these, I proceed to give the results of the final set of

experiments, which were in every way by far the most satisfactory.

In the three following experiments the Daniells were used as before ; the

alternations were made by means of the tuning-forks at the rate of GO per

second. Three wires were experimented on, a platinum, a German-silver,

and an iron wire. The balancing resistance was the German-silver bobbin

with small resistance-box, which was on the left, except in the second experi-

ment, where it Avas on the right. The electromotive force between D and F
was now found directly by the electrometer ; as a control the sensibilities

are given as well. New spade-pointed platinum dippers were used, and

answered admirably during the whole time the experiments were going on.
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force in volts between D and F, i. e. the ^ ,
E of the formula above ; s do-

Jo +p
notes the radius iu centimetres of the line wire ; the other letters have the

same meanings as before) :

—
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was led to try a third experiment in verification of Ohm's law. If there be

a periodic variation of the primary of an induction-coil, the time integral of

the electromotive force in the secondary through one complete oscillation

will be zero ; but if the variation consist of a sharp break, although this

law holds, yet the oscillation in the secondary may be divided into two parts,

in one of which the maximum intensity is very much greater than in the

other. If it be true, then, that a more intense current encounters less

resistance than a less intense current, clearly the law above stated can no
longer hold ; the law has, in fact, been deduced on the supposition that the

resistance is independent of the strength of the current.

It follows, therefoi'e, that if we send the induction-currents from the

secondary of an induction-coil, whose primary is made and broken by a tuning-

fork, througli a helix of fine wire to make sure of bringing out the efi'ects we
are looking for, then the needle of a galvanometer introduced into the

secondary will bo deflected so as to indicate a current in the direction of the

current due to breaking the primary.

Certain anomalous, and at first sight contradictory, results led the writer

to study the behaviour of a galvanometer under these circumstances. The
result was the suggestion of a theory which explained the anomalies com-
pletely, and indicated the existence of certain other phenomena which were
afterwards observed.

The results are, so far as the writer has been able to learn, partly new.
Although not of suificicni importance in connexion with the present subject

to require detailed mention here, yet it was thought best to state the results

so far as they bear on the question, reserving a detailed account for publica-

tion elsewhere *.

It was found that, under the circumstances indicated above, the indication

of a galvanometer is a function of the ratio of the strengths of the magnetic

field when there is no current and when the currents are passing, and also

of the position of equilibrium of the needle when there is no current.

Theorj!- and observation give alike, among others, the following peculiari-

ties :

—

1. If the ratio of the magnetic forces due to the currents to that acting

on the needle when there is no current does not exceed a certain quantity,

then if the position of rest of axis of the needle is inclined at an angle a ( < 90°)

to the plane of the coil-windings, the effect of the alternating currents is to

increase that angle, so that, according as the needle is deflected one way or

the other by means of the deflecting magnet, we get opposite eflfects.

The eff'ect is zero when n is zero.

2. If the above-mentioned ratio exceeds a certain value, the position of the

needle parallel to the windings (i. e. for a= 0) becomes unstable, and there now
appear two positions of equilibrium of equal inclination cither way to the

coU-windings. Either of these the needle will take up and keep if brought

there with sufficiently small velocit}^

The greater the ratio, the more nearly these two positions approach to

parallelism with the plane of the coil-windings.

The last-mentioned phenomenon was described long ago by Poggendorfi",

under the name of '
' doppelsinnige Ablenkung," and was and has been regarded

apparently as an unstable phenomenon.

The first-mentioned form of the phenomenon has not, so far as the writer

knows, been hitherto described anywhere.

In repeating Dr. Schuster's experiments by superposing a small current

* PliU. Mag. [v.] vol. ii. p. 401.
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of constant direction on the alternating current, the writer has never been

able to detect any effect that could not be explained by 1>he' above results.

He has not been able to use a sine-inductor as yet, so that a complete discus-

sion of Dr. Schuster's results from this point of view has not been possible.

Tho strong analogy of the phenomena to those obtained by Dr. Schuster,

and the fact that it has been found possible to produce the phenomenon in

three difierent galvanometers (it is of importance to remark that the needle

was elongated in all cases where the effect was strong), must, however, be

regarded as affecting tho probability of conclusions drawn from experiments

of this kind about the truth of Ohm's law.

Report of the Committee, consisting of the Rev. H. F. Barnes, H. E.

Dresser (Secretary), T. Harland, J. E. Harting, T. J. Monk,
Professor Newton, and the Rev. Cauou Tristram, appointed for

the purpose of inquiring into the possibility of establishing a " Close

Time " for the 2^'>'otection of indigenous animals, and for watching

Bills introduced into Parliame^it affecting this subject.

Your Committee has the pleasure of stating that Mr. Chaplin, II.P. for Mid
Lincolnshire, lost no time in fulfilling his promise, announced in its List

lleport, and immediately on the meeting of Parliament introduced into the

House of Commons the Bill for the Preservation of Wild Powl, which had
been prepared by your Committee, and has been referred to in its former

Reports.

In order to aid Mr. Chaplin's efforts and to explain the objects of tho Bill,

yoiir Committee in February last issued and extensively circulated the

following statement :

—

"The Committee deems it expedient to offer a summary of its former

Reports, and a statement of its present views, in regard to the probability

of action being taken in Parliament during the ensuing Session for the

attainment of further protection of birds.

" It has long since been stated by the Committee—and the statement is

beyond contradiction—that the birds which are comprehended under the

common designation of Wild Powl have, of all others, with the exception of

Birds-of-prey, most rapidly diminished in numbers throughout the United
Kingdom, and it cannot be doubted that their decrease is still going on.

" The reasons which hinder the Committee from recommending any legis-

lative protection to Birds-of-prey are almost too obvious to need explanation.

The Committee, while believing the existence of such birds in certain

districts, and in numbers which are not excessive, is beneficial, is aware
that the contrary opinion is very strongly upheld by a large class of persons,

and is fully persuaded that were it possible to pass an Act for the protection

of these birds, its enforcement in a single instance would give the signal for

an agitation for its repeal, which would seriously damage the cause of bird-

protection in general.

" On the other hand, no charge of injuriousness has ever been brought^
or, if brought, could possibly be maintained—against AVild Fowl as a whole ;

while the employment that their capture affords to a considerable portion of

the population, and their utility as an article of food to almost the whole
community, render their protection highly desirable from an economical point
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of view. The notorious and rapid decrease in their numbers is to be ascribed

to causes tha't diay be classed under t^yo heads :—(1) ' Indirect ' and (2)
' Direct.'

" (1) The indirect causes of the decrease of Wild Fowl are attributable to

the diminution of their breeding-haunts by draining, the reclamation of

waste lauds, and agricultural improvements generally ; and with these it

would of course not only be impossible, but manifestly improper, for the

legislature to interfere, for with them the prosperity of the country at largo

is intimately bound up. So far, then, as regards thdr effects, the birds must
take their chance.

" (2) The direct causes, on the other hand, arc as plainly capable of

control, for they are attributable to tlie destruction of the breeding-stock,

and chiefly by the gun. As soon as Inrds pair in the spring they lay aside

much of their habitual caution, and become easy victims to the gunner.

Long after the pairing-season has begun our markets arc plentifully stocked

with Wild Fowl of every description ; and it is obvious that every pair of

birds killed at that time of year signifies the destruction, of a whole brood, as

well as that of its intending parents.

" Wild-Fowl shooting gives, as has boon above stated, employment to a

large number of men, who make a profession of it. These men, however,

are accustomed to certain restraints in pursuing tlieir vocation. They are

all compelled to take out a gun-license, and many of them are aware that

they are prohibited from exercising their calling in certain waters and over

certain lands. The notion of restraint to them is, therefore, not new ; and
the Committee believes that the most intelligent of them would gladly re-

cognize the propriety of a well-considered and strijigeut measure, that by
effectually protecting Wild Fowl during the breeding- season would secure to

them a greater abundance at other times of the year.
" The Wild Fowl, for whose protection a more stringent measure is now

about to be proposed, are, it is true, already named in the ' Wild-Birds Pro-

tection Act;' but owing to their marketable value being greatly in excess of

the penalties which that Act prescribes—very projierly, may be, in regard to

the other birds it names—they enjoy little or no real protection tlierefrom.

" The great success which has attended the working of the ' >Sea-Birds

Frescrvation Act,' in which the penalties are much higlior than in the ' "\^'ild-

Birds Protection Act,' encourages the Committee to liclievc that an Act on

the same principle of the former, but aj^plied to Wild Fowl, would be equally

successful; and to this end the Committee recommend the passing of such

a Bill as was introduced by Mr. Andrew Johnson in 1872. This Bill, it will

be remembered, was the foundation of the existing 'Wild-Birds Protection

Act,' but was so entirely altered in its passage through Parliament as to

become useless for the protection of the group of birds it was at fii-st intended

to protect.

"The 'Wild-Birds Protection Act' may we'll be left as it is, since public

opinion was, and is, decidedly- in favour of some such legislation. Its failing

to protect Wild Fowl efficiently gives no room for its repeal ; but the Com-
mittee regards it as being virtually ineffective to produce any practical good.

" The Committee thinks it necessary to state once more, that of the Small
Birds which so deeply engage the sympathies of many of the public, there

are but few kinds which have been proved, on any good evidence, to bo
diminishing in numbers, and that the decrease of these is owing much less

to any direct destruction or persecution than to indirect causes, such as have

been already referred to, and declared to be uncontrollable by the legislature.
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The diminution of such birds as the Wheatear, the Goldfinch, and Linnet can
be immediately traced to the breaking up, and bringing under cultivation, of
commons, and so probably of the rest ; while, on the other hand, it is obvious
that many kinds of Small Birds have largely increased in number owing to

the spread of plantations, and the security from molestation during the
breeding-season they enjoy through the incessant attention given to the
preservation of game.
"At the same time the Committee is of opinion that some steps for the

Regulation of Bird-catchers might well be taken, with the approval not only
of the general public, but of the better class of bird-catchers themselves

;

and, should success attend its present attempt, the Committee would readily

direct its efforts to that object."

Your Committee has the gratification of reporting that the opposition which
the Bill encountered in the House of Commons, though seriously intended,

Was happily overcome by the good management of Mr. Chaplin and his

seconder, Mr. Rodwell, Q.C. A division was taken on the motion for the

Second Eeading, when the numbers against it were 13, and in its favour 337
•—an almost absolute majority of the whole House.

In deference to certain objections which were raised in Committee, Mr.
Cha2)lin consented to an alteration of the original draft Bill as regards the

days when the proposed " Close Time " should begin and end. Your Com-
mittee cannot wholly approve of this change ; but as it does not affect the

length of the season, the modification seems not to be very important, while

Mr. Chaplin's adroit acceptance of it unquestionably saved the Bill.

No further alteration was made. The Bill, having passed the Commons,
was kindly taken charge of in the Upper House by Lord Henniker, and
finally received the Eoyal Assent on the 2-tth of July.

In congratulating all who have at heart the protection of indigenous

animals in this happy result, your Committee desires to point out that their

most sincere thanks are due to the nobleman and gentlemen already named,
as well as to others who aided the passage of the Bill through both Houses,

and, in particular, the efforts of Lord Walsingham deserve especial recognition.

With regard to the taking of any further steps, your Committee can only

suggest the possibility of something being done in the direction indicated by
the last paragrajih of the foregoing statement. The difficulties, however, in

the way of passing any measure for the Regulation of Bird-catchers, which
should be at once effectual and acceptable to Parliament, seem to be very

great, and your Committee is not sanguine of the success of any immediate

attempt to attain this end.

The Sea-Birds Preservation Act continues to work satisfactorily on the

whole, though your Committee has reason to fear that its provisions have

been disregarded in certain places. Some time has elapsed since any prose-

cution under it has taken place ; and its enforcement in a few instances in

the course of the next j^ear may be needed to show that it cannot be violated

wi:h impunity. To this object your Committee, if reappointed, will give its

attention ; meanwhile it may be observed that the Act is very favourably

regarded in most places, and that, by authority of its third section, the

Secretary of State for the Home Department has, on the recommendation of

the justices of the East Biding of York in Quarter Sessions assembled, ex-

tended the "Close Time" on the coast of that county from the 1st to the

15th of August.
,

Your Committee respectfully urges its reappointment.

1876.

I
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Report of the Committee, consisting of James E. Napier^ F.R.S., Sir

W. Thomson, F.R.S., W. Froude, F.R.S., and Osborne Reynolds

(Secretary), appointed to investigate the effect of Propellers on the

Steei'ing of Vessels.
[Plate I.]

The Committee commenced operations by printing the following Circular, and

sending copies of it to the Admiralty and to those shipowners with whom
the individual members of the Committee were personally acquainted, or

those who in their opinion were likely to assist in the investigation :

—

" The British Association foe the Abvancement oe Science.

" Experiments on tlie Turning of Screw Steamers.

" At the Meeting of the British Association in Bristol last year, a paper

was read by Professor Osborne Eeynolds, in which it was shown, from ex-

periments upon models, that in a steamer when the screw is in motion, the

direction in which the rudder tends to turn the ship depends on whether the

screw is driving ahead or astern, and is independent of the actual motion of

the ship through the water ; for instance, if when a ship has headway on

the screw is] reversed, then the action of the rudder is the same in direction

as that of a ship going astern ; or if the ship have sternway on, and the

screw be started to drive her ahead, then the rudder acts as if slio were going

ahead.
" After the discussion of the paper, Mr. James R. Napier, Sir William

Thomson, Mr. "W. Froude, and Professor Eeynolds were appointed a Com-
mittee to carry the investigation further, and particularly to ascertain if the

same results would be obtained when the expei'imcnts were made with full-

sized ships.

" In order to collect sutHcient data to establish a general conclusion, the

Committee are anxious to obtain the assistance of such shipowners and

captains of ships as may be willing to aid them.
" The Committee accordingly ask that certain trials and observations may

be made, and the results, together with the name, size, tonnage, and condi-

tion of loading of the ship, as well as the depth of immersion of the screw,

the date and name of the officer in charge, may be forwarded to Professor

Reynolds, Owens College, Manchester, or to any of the Members of Com-
mittee.

" It is also particularly requested that the kind of screw and the number
of blades may be stated, and whether the screw is right- or left-handed. By
a right-handed screw is imderstood one in which the uj^per blades move from
port to starboard when driving the ship ahead.

" The following are the trials requested :

—

" Trial I.—That when the ship is going full speed ahead, the screw should
- be suddenly reversed and the rudder put hard over, as if to turn the ship to

starboard of her course, and careful notice taken as to the way in which the
ship turns before all headway is lost.

" Trial II.—The same repeated with the rudder set in the opposite

direction.

" Trial III.—That when the ship is going fast astern the screw should
suddenly be started to drive her ahead, and the rudder put hard over to the

same side as in Trial I.

"Trial lY.—Trial III. repeated with the rudder. in the opposite direction.
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" Trial Y.—^That the ship should bo driven full speed ahead with the helm
amidships, and notice taken as to the direction in which the ship turns

under the action of the screw,
" Trial VI.—That the ship should be driven full speed ahead, then the

screw reversed, with the helm amidships, and notice taken in which direc-

tion the ship turns."

" May 3, 1876."

After sending the Circular the Committee received a communication from

the Secretary to the Admiralty, to the eifect that the Admiralty had ordered

the experiments to be made, and that the results should be forwarded.

As the result of their application to private owners, the Committee obtained

the use of three vessels, upon which the following trials were made.

Experhneiits made with the ' T'aJetta,' belonging to the Earl of Glasgow,

Captain E. Hunter, on the 6th June, between Weniys Bay and the Cumbrae.

The ' Yaletta ' measures 80 tons, and was drawing during the trials

5' 6" foi'ward and G' G" aft. Her screw, which is right-handed, is 5' 6" in

diameter, and during the trials was immersed about 1' ; it is 3-bladed, and

has a pitch of 8' 6". When at full speed the ' Valetta ' makes about 9|
knots an hour.

During the trials the seconds were called out by Mr. James E. Napier.

Mr. Bottomley, who was acting for Sir William Thomson, watched the angles

thi-ough which the boat turned, by means of a dumb compass, while the

signals for turning and stopping the vessel were given by Professor Eeynolds.

Tiie first trial was of the effect which the screw exerted to turn the ship

with the helm amidships. When at full speed she turned to port at the rate

of about 7° per minute, or, as it is usually expressed, she carried a port helm.

However, as the speed of the engines was reduced the tendency to turn the

ship to port was reduced, and when going very slow (about 5 miles an hour)

the ship turned slightly in the opposite direction. When going fast the

screw churned air into the water, but not when it was going slow.

The effect of the screw to turn the ship with the helm amidship, although

appreciable, was not of sufficient magnitude to be taken into account in the

results of the subsequent experiment. And as this effect was almost the

same with the wind on cither bow, it was evident that, although the wind

was blowing with some little force, its effect to turn the vessel was also

unimportant.

These preliminaries having been settled, the ship was driven fuU speed

ahead, then the screw reversed as suddenly as possible, and immediately the

engines began to turn astern the rudder was put hard over. At first on

reversal the engines turned but slowly, and it was not until the boat had lost

some of her way that they turned full speed astern.

Four observations were taken in this way with the helm to port, two with

head to wind, and two before the wind ; and similar observations were taken

with the helm to starboard. All four observations with the helm to port

gave nearly the same results, and so with the helm to starboard.

The mean results were as follows :

—

With the helm ported (which, had the engines been going ahead, would

have brought the ship's head round to starboard at a rate of nearly 2° a

second) the vessel at first, while the screw was turning but slowly, com-

menced turning to starboard, and had turned through 5'^ in 9 seconds ; she

then commenced turning to port; and in IG seconds more, when she had

nearly lost all way, she had returned 13° to port or about 8° to port of her

F 2
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original direction, i. e. iu the opposite way to that in which she would have

turned had the screw been kept on ahead.

With the helm to starboard, at the end of 10 seconds she had turned

through 6° to port, and in 14 seconds more, when she had nearly lost way,

she had come back 14° to starboard or S° to starboard of her original direc-

tion ; that is, as before, in the opposite way to that in which she would have

turned had the screw been kept on ahead.

With this ship, therefore, althougli the reversing of the screw did not at

once reverse the action of the rudder, it greatly reduced its effect, and

reversed it in time for the ship to have turned S° out of her course before she

had come to rest—that is, 8° out of the direction iu which she headed on

the reversal of her screw ; and considering that, during the 25 seconds in which

she was stopping, had her screw been kept on ahead she Avould have turned

through some 50°, the effect of reversing the engines was to bring the ship

some 58° out of the direction she might have occupied.

Experiments with the Hopper Barge, No. 12, belonging to the Clyde

Navigation Trust, Captain J. Barrie, on June 7, off lulcreggan, Rosneath.

These experiments were conducted in a similar manner to those on the
' Valetta,' the same members of the Committee taking part in them.

The barge when loaded carries 400 tons of mud, is 140 feet long, was
drawing during the first set of experiments 11' 6" aft and 9' 6" forward, and

when light, during the second set, 8' 2" aft or 4 ft. forward. The top of the

propeller is 8' 6" from the bottom of the keel. The screw, which is right-

handed, has three blades, and is 8 feet in diameter and 16 feet pitch.

The first set of experiments were made with the barge head to windward,

the wind being of much the same force as on the previous daj'. The mud
was then discharged, and the barge put before the wind, and the experiments

repeated.

When loaded and going to windward with the helm amidships, the barge

sheered first to port and then to starboard. This was apparently owing to

the screw churning the water intermittently ; when the wake was apparently

clear the boat turned to starboard, and when the screw was churning air

into the water she turned to port.

When the screw was reversed with full way on, and afterwards the helm
put hard over either to port or starboard, the action of the rudder was
always reversed, and was very decided. It required 1 minute for the screw

to bring the boat to rest, and during that time she turned from 35° to 60°
;

moving slowly at first, aud more rapidly as her speed diminished.

The reverse action of the rudder Avas therefore much more decided than iu

the case of the ' Valetta,' which was accounted for by the fact that the screw

was reversed to full speed at once, the engineer being an old locomotive

engine-driver accustomed to reverse suddcnlj', besides which the boat being

much heavier allowed more time for the operation.

When the boat was going full speed astern, the screw reversed to full speed

ahead, the action of the rudder was the same in direction as if she had been
going ahead, but it was very slow.

When the bai-gc.was steaming full speed ahead with the rudder hard over,

she turned at the rate of 1° in 1 second.

With this vessel, therefore, the effect of reversing the screw wof. to cause

her to turn through more than 30° from the direction in which she

headed when the reverse action set in ; and considering that in the same
time she would have turned through 00° in the opposite direction had the
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engines been kejit on ahead, the effect of reversing was to turn her through
90° from the iwsition she would have occupied had the CDgincs kept on
ahead.

E.vpeviments with the Steam Yaclit ' ColumJxi,' hehnginr/ to His Grace the
Duke of Arfjyll, June 29, in Gare Loch, the weather very fine, with little

wind.

The draught of the vessel was 10 feet aft and 8' 2" forward. She was
fitted with a Griffith's screw 7' 1" in diameter and 12' pitcli. The experi-
ments were witnessed by Mr. James E. Napier and his son, Mr. Eobert T.
Napier. "When the vessel was going full speed ahead (about 10 knots) the
engines were reversed, and the helm immediately put to starboard ; the ves-
sel turned to starboard until her forward way was lost, the time between the
reversal of the engines and the stopping of the ship being about 1 minute.
When the vessel was going full speed ahead the helm was set to port, and

shortly after the screw reversed. The vessel turned to starboard at first,

and then to port until all way was lost. The turning to starboard at first

was the natural result of the helm having been ported before the screw waa
reversed.

In the trials on this ship no measurements were made of the angles
turned through. The direction of turning, however, was the same as be-
fore, the reversing of the screw at once reversing the eflfect of the rudder.

In all three of these vessels, therefore, the same effect on the steering waa
produced by the reversing of the screw when the vessel was at full speed.

The importance of this effect may perhaps be best seen from the diagrams
(Plate I.), showing the various positions occupied by the ' Valetta ' and the
barge compared with those they would have occupied had the screws not been
reversed.

In these diagrams the directions of the vessels correspond with the actual
measurements during the trials ; the positions and distances travelled being
estimated from the known speed of the vessels. It had been the intention
of the Committee to use one of Mr. Napier's pressure logs in order to ascer-

tain exactly the positions of the vessels during the trial, but this intention
was not carried out.

DiagTam 1 shows the courses run by two ships after the reversing of the
screw until they had lost all way compared with the courses they would have
run had they continued under full steam, the helm being hard to port.

A glance at this diagram is sufficient to show what a fatal mistake it must
be when a collision is imminent to reverse the screw, and then use the rudder
as if the ship would answer to it in the usual manner.

But perhaps, as regards collisions, the most important result is that

shown in diagram 2—namely, the positions of the ships when they have not
lost more than half their way, and when, as regards the distance run, the
effect of reversing the screw is but small.

As is shown in this diagram, it appears that whether the reversing of the

screw reverse the action of the rudder or not, the rudder is nearly powerless
to turn the ship, and that she will turn not only more rapidly, but in less

room when going full speed ahead.

Before closing their Eeport, the Committee desire to express their thanks
to the Earl of Glasgow, the Clyde Navigation Trust, and His G race the Duke
of Argyll, for the use of their vessels, and to the officers and crews who
assisted in making the arrangements and conducting the experiments.
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On the Investigation of the Steering Qualities of Ships.

By Prof, Osborne Reynolds.

[A communication ordered by the General Committee to be printed in exicnso.]

The primary object of using steam power in ships is to enable them to pass

quickly over long distances. Under normal circumstances rapidity aud cer-

tainty iu manoeuvring are matters of secondary importance ; but circum-
stances do arise under -which these powers are of vital importance. Experi-
ence has taught those who go down to the sea in steam-ships that their

greatest danger is that of collision ; and fogs are feared much more than
storms. That there must always be danger when long ships are driven at

full speed through crowded seas iu a dense fog caimot be doubted ; but this
' lugcr is obviously increased manyfold when those iu command of the ships

are under the impression that a certain motion of the helm will turn the

ship in the opposite direction to that in which it does turn.

The uncertainty which at present exists iu the manoeuvring of large ships

is amply proved by the numerous collisions which have occirrred between the
ships of our own navy while endeavouring to execute ordinary movements
under the most favourable circumstances, aud M'ith no enemy before them,
•xhcse accidents may be, and have been, looked upon as indicating imperfec-
tions iu the ships or the manner in which they were handled ; but it must
be admitted that the ships are the best and best found iu the world, aud
that they are commanded by the most skilful and highly trained seamen
alive. And if peaceable ships fail in their manoeuvres when simply trying
not to hurt each other, what will be the case of iighting ships when trying
to do all thoy can to destroy each other ? If the general impression as to

the important part which the ram is to play in the naval combats of the
fature is ever reahzed, then certainty iu manoeuvring must not ouly be of
very great importance (this it has always been in sea fights), but it must
occupy the very first place in the fighting qualities of the ship.

Now the results of the investigation of the effect of reversing the j^ro-

pellers on the action of the rudder appear to show that, however capricious

the behaviour of ships has hitherto seemed, it is in reahty subject to laws

;

and that by a series of careful trials the commander of a ship may inform
himself how his ship will behave iindcr all circumstances.

The experiments of the Committee on largo ships have completely esta-
blished the fact to which it was my principal object last year to direct atten-
tion, namely, that the reversing of the screw of a vessel with full way on
very much diminishes her steering-power, and reverses what little it leaves

;

so that where a collision is imminent, to reverse the screw and use the rudder
as if the ship would answer to it in the usual manner is a certain way of
bringing about the collision. Aud to judge from the accounts of collisions,

this is precisely what is done in nine cases out of ten. In the paper of

to-day I find the following (August 22, 1876) :

—

"The Fatal CoUision off Ailsa Craig.—The Board of Trade inquiry into
the collision between the steamer ' Owl ' and the schooner-yacht ' Madcap

'

was continued at Liverpool j^esterday. Two passengers by the ' Owl ' were
recalled, and spoke to some of the facts of the collision. The night was not
misty, though some rain had fallen. They saw the green light of the yacht
shiniug brightly after the collision. "VVilham Maher, third officer of the
' Owl,' said it was the chief officer's watch at the time of the collision.

There were five able seamen in the watch. Witness and the chief officer
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were on the bridge. One man was on the look-out from the starboard side

of the bridge. His ordinary place was on the forecastle-head, but he was
not placed there that night, as there was a heavy head sea, and the vessel

was shipping water. His attention was called to a light by the look-out

man. It was almost ahead about a mile and a half off. He could not at

first distinguish whether it Avas red or green, as it was dim ; but when he

made it out to be a green light it bore two to three points on the port bow,

and it was only three or four lengths off. He heard no order given to the

man at the wheel when the light was first reported ; but when witness found

that it was a green light he ordered the helm hard aport. If the steamer

had starboarded at this time she would have gone right over the yacht. The
' Owl ' had been going at the rate of six or seven knots ; but when she col-

lided there was Jio way on her, the engines having been reversed. After tho

yacht went down the captain ordered a boat to be got out, but subsequently

countermanded the order, on the ground that more lives would be lost, as it

was not fit to go out. At the close of his examination the witness stated

that he would not have gone out in a boat on such a night as that, even if

the captain had ordered him—a remark which appeared to greatly astonish

the nautical assessors."

Ho ported his helm to bring his ship round to starboard, but he also

reversed his screw ; and as he says nothing about having again starboarded

his helm, it would appear that from the time of reversing the screw until

the collision (time enough to stop the ship), she had moved straight for-

ward or inclined to port. Had ho not reversed his screw, but kept on full

speed, it is clear the collision could not have happened, for at the time tho

collision did happen his ship would have been more than her own length

away from the spot where the collision occurred. Ho admitted himself that

to have starboarded his helm must have brought about the collision, so he

ported his helm and reversed his screw, which, as it had the same effect, did

bring about the collision.

From the Committee's report just read, it appears that a ship will turn

faster, and for an angle of 80°, in less room when driving full speed ahead,

than with her engines reversed, even if the rudder is rightly used. Thus
when an obstacle is too near to admit of stopping the ship, then, as was done

in the case of the ' Ohio,' mentioned in my paper last year, the only chance

is to keep the engines on full speed ahead, and so to give the rudder an

opportunity of doing its work.

These general laws are of the greatest importance, but they apply in dif-

ferent degrees to different ships ; and each commander should determine for

himself how his ship will behave. A ship's ordinary steering-power may
soon be learnt in general use, but not so the effect of stopping ; there is

thought to be a certain risk in suddenly reversing the engines, which any ono

in charge of a ship wiU shrink from, unless he knows it is recognized as part

of his duty.

It is also highly important that the effect of the reversal of the screw

should be generally recognized, particularly in the laAV courts ; for in tho

present state of opinion on the subject, there can be no doubt that judgment

would go against any commander who had steamed on ahead, knowing that

by so doing he had the best chance of avoiding a collision, or who had

ported his helm in order to bring his ship's head round to port, with the

screw reversed. It seems to me, therefore, that it would be well if steps

could be taken by this Association to bring the matter prominently before

the Admiralty, the Board of Trade, and those concerned in navigation.
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So far as the capabilities of each individual ship are concerned, there is no

insuperable difficulty or risk about the experiments, and to have determined

these will be a great point. When the officers know exactly what can be

done in the way of tui-niug their ships, and how to do it, the chances of

accidents must be greatly reduced.

But at all events for fighting ships it is desirable that the officers should

have experience beyond the mere turning powers of their own ships. AVhen
two ships are mana3uvring so as to avoid or bring about a collision, each

commander has to take into account the movements of his opponent. To
enable him to do this with readiness, it would be necessary to have friendly

encounters. A fight between two ships Avhose captains had never before

fought, would be like a tournament between two novice knights who had
never practiced with pointless spears ; and such a contest, although not un-
equal, must be decided by chance rather than skill.

Unfortunately sham fights or tournaments between ships with blunt rams
would bo about as dangerous as a real fight ; and the chance of an accident

would be far too great for such friendly tournament, however important,

ever to become an essential part of the training of a naval officer, as they

were of the knights of old. Por although, should war arise, the danger from
want of experience may be even greater than the danger of an accident in

gaining such experience by friendly fights, yet, as the chance of. war is

always remote, the former risk would be preferred ; and this is not all.

As yet there has been no such thing as a ramming fight between steam-
ships ; so that not only are our officers without actual experience, but even
the rules by which they are instructed to act (the rules of naval tactics) aro

based entirely on theoretical considerations, and hence are very imperfect.

Now there appears to me to be a means by which experience of the

counter-manoeuvring powers of ships, as well as the manoeuvring powers of

single ships, could be ascertained without any of the risk and but little of

the cost attending on the trials of large ships, and which, if not equal to an
actual fight, would be verj^ useful as a means of training the officers.

If small steam-launches were constructed similar to the ships, so that

they represented these ships on a given scale (say one tenth linear measure),
and tlieir engines wei'c so adjusted that they could only steam at what we
may call the speed corresponding to that of the larger ships, then two
launches would manoeuvre in an exactly similar manner to the large ships,

turning in one tenth the room ; and the time which the manoeuvres with
the launches would take would only be about half that occuined by similar

manoeuvres with full-sized ships. The only points in which it would bo
necessary that the model should represent the ship would be in its shape
under water and as regards the longitudinal disposition of its weights. The
centre of gravity should occupy the same position amidships, and the longi-
tudinal radius of gyration of the model should bear the same proportion to

that of the ship as the other linear dimensions. In other respects the model
might be made as was most convenient. It might be made of wood, and so
strengthened that two models might run into each other with impunity.

There would not be much difficulty in so strengthening the models, as the
speed of the models would be very small. For instance, if the speed of the
ship were 13| knots, then that of the model would be 4| knots.

The study of the quahties of ships from experiments on their models has
not until recent years led to any important results. But this in great part
was owing to the fact that proper account had not been taken of the effect

of the Avave caused by the ship and the consequent resistance. It was not
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kuown that the waves set up by the model bear the same relation to the

size of the model as the waves set up by the ship do to the ship when, and
only when, the speed of the model is to the speed of the ship in the ratio of

the square root of the ratio of their lengths.

Since this fact has been recognized, most important information has been
obtained by experimenting on models. Mr. Froude, by recognizing this law,

has been able to bring the comparison of ships by means of their models to

such a degree of perfection, that he can now predict with certainty the com-
parative and actual resistance of ships before they are constructed, and the

great practical value of his results have been recognized by the Admiralty.

What I propose is virtually to extend these experiments on models so as

to make them embrace the steering-powers of ships as well as their resis-

tances. The manner of experimenting would have to be somewhat altered.

Steam-launches would have to be substituted for dummy models ; but the

principle of the experiments would have to remain the same, and the speed

of the launches must be regulated by the same law as that of the models.

The turning qualities of such launches might be verified by comparing
them with the turning qualities of the ships as found by actual experiment

;

and then the models might be handed over to the officers of the ships, and
they might practice encounters and manoeuvres until they knew not only

what they could do with their ships, but what it was best to do in order to

outmanoeuvre each other, and this without any cost or risk.

The behaviour of the models would be in all respects similar to that of the

ships, the only difference being that the manoeuvres would be on a smaller

scale ; and the scale of the manoeuvres would be the same as that of the

models, so that the step from the models to the large ships would be easy

;

and familiarity with the working of the ships as well as the models under
ordinary circumstances would prepare the officers for using the ships in an
actual fight as they have been accustomed to use the models in their friendly

encounters. The scheme here proposed has its parallel in military schools.

Although " autumn manoeuvres " and sham fights afford soldiers a much
better opportunity of preparing themselves for battle than any thing at

present within reach of the sailors, still the war game appears to be
growing in favour, and this is nothing more than practising manoeuvres in

miniature.

Independently of their value as a means of training naval officers, such
models would afford a means of studying naval tactics. From them might be
learnt the way in which a ship should strive to approach another of nearly

equal power and speed, so as to use her ram to the greatest advantage ; and
of this as yet but very little can be known ; and, except on models, it can
only be learnt from experiments oji the ships.

Important as are the laws which have been verified by the Committee on
the steering of screw-steamers, it appears to me that the most important

lesson to be learnt from their investigation is, that there is nothing capri-

cious in the behaviour of these ships. To realize the value of this lesson

the investigation must be followed up ; and it appears that the best way to

do this would be by the aid of model launches on the plan thus roughly
sketched out.
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Seventh Report on Earthqualces in Scotland, drawn up by Dr. Bryce,

F.G.S., F.R.S.E. The Committee consists of Dr. Bryce, F.G.S., Sir

W. Thomson, F.R.S., J. Brough, G. Forbes, F.R.S.E., D. Milne-
Home, F.R.S.E., and P. Drummond.

Tke state of quiescence alluded to in last year's Report has suffered

scarcely any interruption during the current year. No movement has oc-

curred of sufficient intensity to affect any of the instruments employed by
the Committee for testing the shocks. The Association wiU be aware that

these are the seismometer, constructed on the principle of the inverted pen-

dulum, which is placed in the tower of the parish church of Cpmrie, and two
sets of upright cylinders, described in last year's Report, Avhich stand on

boards on the sanded floor of a building erected two years ago by the Asso-

ciation upon a site, half a mile west of the Comrie church, kindly granted by
P. Drummond, Esq., of Dunearn, in the grounds surrounding his house.

This building stands in the Comrie valley, on a boss of rock of the same
kind of slate of which the adjacent hills and ridges arc composed, and which
can be traced into continuity with those on both sides of the valley. It Avas

therefore expected that cylinders so placed would readily respond to any
movement affecting the rocks on either side of the valley, more especially

as the centre or focus from which it has hitherto been considered that the

movements have emanated is at no great distance on the north side of the

valley.

This expectation has not been realized, inasmuch as two slight shocks were
experienced on the 14th and 16th of January, in the morning and afternoon,

without affecting the seismometer or the cylinders, even those of smallest dia-

meter, which a very slight movement is sufficient to lay prostrate in the sand.

It is easy to see that a very extreme sensibility must be avoided in order to

guard against the effects of other disturbing causes—as a storm of wind, a

peal of thunder near at hand, or a heavy footfall on the rock outside ; and
hence that an undulation, propagated from a distant centre, might be so

retarded by the resistance of rocky masses as not to produce the required

amount of distui'bance. The evidence furnished by several most intelligent

and trustworthy persons leaves no doubt that on the day mentioned a very

slight shock was reaUy felt on the north side of the valley ; that the move-
ment seemed to come from the westward, and was attended by a slight

noise, which died gradually away towards the south-east.

This somewhat disappointing result has led your Committee to add two
more cylinders of increased delicacy to each set, and to use every effort to

obtain suitable sites for other sets more to the west and north, and also

further down the valley, as near Dunira, the conjectured focus, and that

fixed on by Mr. Milne-Homo in the former inquiry, in Glen Lednoch near

the edge of the eruptive granite tract, whence the late disturbance seems

to have proceeded; and, if possible, also at Ardoch, Dunblane, and Bi-idge

of AUan, at all of which the shocks of 1873 were so severely felt. The
expense would be inconsiderable ; the difficulty to be encountered is the

procuring of a suitable and safe site and a competent observer. Your Com-
mittee earnestly hope that these obstacles will be overcome in the course of

the succeeding year.
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Report on the Present State of our Knowledge of the Crustacea.—
Part II. On the Homologies of the Dermal Skeleton {continued). By
C. Spencb BatEj F.R.S. 6fc.

[Plates II., III.]

As in the first part of this lleport the carapace or dorsal surface of the
Crustacea was considered, it is now intended to examine the plastron or

ventral surface, aud so complete our inquiry into the form and structure of

the dermal skeleton, previous to a consideration of the internal viscera and
development of the animals of the various forms in the class.

The head, or ccphalon, is more clearly defined in Edriophthalmous Crustacea
than in any other order ; but even here the somites posterior to the mandi-
bular ring have the dorsal surface wanting ; but a clearly defined character

distinctly separates them from the somites that pertain to the succeeding
seven, which constitute the ijereion.

This condition is less complete in Squilla (which M. Milne-Edwards has
selected as being " of aU Crustacea that in -which the 21 segments of the body
are the most distinct "), where the posterior somites of the cephalon as well
as the anterior two of the pcrcion are only represented by their ventral sur-

faces.

This apparent incompleteness of structure, which is due rather to an
economy of material, has led carcinologists to consider generally that the
cephalon and pereion should be treated anatomically as one portion of the

animal imder the general name of cephalothorax.

Thus Dana, in writing on the " Classification of Crustacea," in his ' Report
on Crustacea of the United- States Exploring Expedition under Capt. Chas.

Wilkes, U.8.iSr.,' p. 1397, says, " In these highest species, nine segments and
nine pairs of appendages out of the fourteen cephalothoracic belong to the

senses and mouth, and only five pairs are for locomotion."

This he has taken from the Brachyural or Macrural decapod, as being the

highest tj'pes of the order; but if we are to report our experiences and define

the names and conditions of things according as they are represented in a

single type or groiip, every student of any special form wlU draw his own
conclusions from that which he has alone closely considered, and the study of

Crustacea as a class in the animal kingdom must be retarded, if not mis-

represented.

In studying scientifically the Crustacea as a whole, it will be found not

only more correct but more convenient to describe and name the several

parts of the animal by their homologous certainty rather than by their adapta-

tion to fulfil different functions which demand a variation of form with the

greater or less importance of their requirements.

The seven somites that form the cephalon are most closely associated, and
diificult to be separated from those that follow, in the Brachyural type. This
circumstance appears to be largely due to the powerful character of the man-
dibular appendages. The great strength of these organs requires such an
internal development of parts that they appear to preclude the posterior

somites from the power of growth ; consequently they become merely sufiicient

to siipport appendages of a supplementary character.

This is very apparent in the Macrural order. In Palinurus the mandibles
are so broad and large that their removal is almost a complete decapitation.

It is therefore a structural necessity that tho posterior two somites of the

cephalon -should be supported by those to which they are most closely



76 REPORT—1876.

approximate; consequently they are frequently found fused with the anterior

somites of the i^ereion.

Yet in this very genus, in a young state, we have the most complete evidence

of the limits that define the cephalon from the percion, and this again from

the pleon.

In the larva of Pcduuims, as well as in the animal known as Fhijlhsoma,

which is now generally accepted as being the young of Pcdimirus after some

weeks' growth, the cephalon is seen to coincide with the limits of the cara^

pace and terminates anteriorly to the seven somites of the pereion. It there-

fore appears tliat it is desirable to identify these first seven somites as belong-

ing to the head or cephalon and that only.

The pereion, or thorax, is also composed of seven somites or segments; and

this number is never departed from, even in the most depauperized condition

of the animal. These several somites Prof. Milne-Edwards, in his " Obser-

vations sur Ic Squelette tegumentaire des Cnistaces dccapodes, et sur la

Morphologic dc ccs animaux," Ann. des Sciences Nat. p. 268, 1854, says :—
" In order to determine easily each of these anatomical elements of the integu-

mentary skeleton, it is desirable to define them by a name ; and I shall call

them jyi'otosomite, deutosomite, mesosomiie, or iritosomite, tetartosomite, pemp-

tosomite, Jiectosomite, and hehdosomite, following the order which they occupy

from before to behind."

In the lower types they form, as in the Amphipoda, separate and distinct

segments ; but in the higher groups, as we see the dorsal surface of the somites

of the cephalon developed and produced posteriorly so as to cover and protect

the upper part of the pereion, so we find the somites of this latter division

coalesce ventrally more or less perfectly until in the Macrura and Brachyura

they reach the highest degree of consolidation and are much more dense and

strong than is the structure of the carapace.

This condition is gradually seen to be approached through different stages

from the Edriophthalmia upwards. In the genus SqiuUa (which has many
analogies with the sessile- eyed Crustacea, and appears like an enormous

stalk-eyed Amphipod) three or four of the posterior somites are exposed

beyond the carapace and have the dorsal arc complete and separately perfect.

In the Diastylida) we see the same : and ultimately in the genus Paguriis,

among the Anomurous Crustacea, there is but a single somite that is not

embraced within the limits of the carapace, and that is reduced to a very

slender ring.

AVith the deterioration of tlie dorsal arc of each somite of the pereion the ven-

tral arc increases in density and coalesces the more perfectlywith its neighbours.

This appears much to depend upon the habits and character of the animal.

If it be one whose habits arc perambulatory, as in Pcdinwus, the somites

are strongly fused together into a strong broad sternum ; whereas in such

animals as Palcemon and Homarus the sternum is less strongly developed,

and apparently of a more feeble character.

This depreciation of the sternum gradually goes on as we approximate the

short-tailed orders, and arises from the absorption of the first joint or coxa
of the leg into the general system of the animal.

In Palinurus the sternum (PI. II. fig. 1), corresponding to the posterior

five somites, is very broad, and the legs are very widely separated from those

on the opposite side ; in Homarus, Neplirops, and Astacus {V\. II. fig. 2) they
approximate each other so nearly that the sternum consists of a small cal-

careous longitudinal cord, to which the apodema are attached and receive

their support.
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Tn the Anomura, of which wo may take Litliodes (PI, II. fig. 3) as an
example, the coxaj of the legs are so closely compressed together laterally

that, without coalescing or being fused together, thoy are apparently united,

while the inferior part of each coxa is completely fused with its neighbour
for about half its extent.

This is carried still farther in the true Brachyura (PI. II. fig. 4), where
the first joints of the legs are all consolidated into a tolerably perfect

mass of calcareous structure, and resemble the nature and character of a
sternum.

The ventral plastron, therefore, is formed of the first joint of the leg, and
the inferior arc of these seven somites is wanting iu the true Brachyura in
the adult stage, the inferior surface of the legs fulfilling the duty of the sternal

plate. As I have already observed, this state can be traced gradually from the
Macrura to the Brachyura ; and it may also be observed gradually to assume
this condition by following the development of the young, in which the coxal
joints may be distinguished separate and individually present, and gradually
coalescing as the animal increases in dimensions with age. I am aware that
this assertion is not in accordance with the teachings of previous carcinolo-
gical anatomists ; but it is one that can be proved to demonstration.

Milne-Edwards, " Observations sur le Squelette tegumentaire des Crus-
tacea de'capodes," Ann. des Sc. Nat. p. 269, 1854, says, " These rings exhibit
all the tergal pieces, and are closed above by a carapace, except among a small
number ofAnomura, as the Cenobitts, where the seventh ring is complete. We
can distinguish always a ventral arc, constituted normally by two sternal and
two episterual pieces, and a dorsal arc, represented upon the sides of the epi-

meral pieces of the sclerodermic prolongations extending between the ven-
tral and dorsal arcs of each ring, so as to enclose between them each side of
the body, and to circumscribe before and behind the articular cavities destined
for the insertion of the corresponding members. When the rings are free, each
of these arcs' extremities I shall call artJirodkds, for the sake of bein" dis-
tinct ; but when the zones are soldered together it is diff'erent. The anterior
arthrodial of each thoracic ring is united to the posterior arthrodial of the
preceding zone, and is more or less completely united with it, so that the
interarticular space situated between two such legs, instead of presenting
two sclerodermic rings, lodges only a single artlirodial prolongation, which
becomes common to the two approximating frames, so that it appears to
depend more especially upon the last of the two rings so united. To simplify
the description, I shall consider these complex arthrodials as if they were
formed only by their most important parts, and shall neglect consequently
their anterior plate ; but it should be observed that we can nearly always
recognize its existence. There is also an interannular symphysis which
results from the formation of an interior fold of the sclerodermic lamella, a
fold the two plates intimately sustain between them. These processes must
be looked upon as if they were produced by the simple lamella of the posterior
border of one of the segments so imited bj^ symphysis.

" It is always in the anterior portion of the thorax of the decapods that
consolidation of the integumentary skeleton is carried to the furthest limit by
the soldering or fusion of the anatomical elements."

Now what I contend is, that the structure of the somite has, as a part of
the dermal skeleton, ventraUy disappeared in the Brachj-ura, and its place
has been taken by the dermal tissues of the first joint of the several legs of
the pereion, and the apodema is formed in the various families of Crustacea
out of parts that are homologically distinct.
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In the Anomura, of which TAtliodes may form the best example, the coxaj

may best be dissected out ; and it does not require any very extreme care to

separate the frame of one appendage from those by which it is compressed
both anteriorly and posteriorly, bj' which compression the joint partakes of

a quadrilateral form. The plates are in many places reduced to an extreme
tenuity, and practically fulfil the office of a ^^single wall, although in reality

they are produced by two lamellae closely compressed but not united. The
i7iferior or ventral wall, that forms the sternum, is very much more strong,

and extends until it meets the corresponding plate upon the opposite side.

In Lithodes this simple condition extends from the anterior to the posterior

extremity of the percion.

In the Brachyura, of which we may take Cancer as the type, the walls of

the coxal joint form the floor of the percion from the anterior extremity to

the fourth or tetartosomite, from which posteriorly an upright wall in the

median line separates the right side from the left, and encloses the muscles
of the four posterior pereiopoda within as many corresponding chambers,
forming a strong arch that supports the internal viscera and precludes their

sinking into the ventral cavity.

If, as I contend, this condition of the structure may be demonstrated
beyond doubt, it follows that the episternal pieces lose their homological
signification, as defined by Prof. Milne-Edwards, in the same way as the

epimera of the dorsal arc.

The episternal plates are parts of the first or coxal joint of the legs pro-

duced as plates, valuable as supporting tlie articulations of the next succeed-

ing joint with the first. It is interesting to observe that these so-called

episternal plates can be traced back to large spinal processes in the young
animal, and to less important processes in the pupal or thii'd stage in the

process of the development, where they can be distinctly seen as parts of the

coxee of the appendages attached to the poreion (fig. 7).

This appears to be the anatomical condition in the Brachyura, and also

in some of the Anomural groups.

But in the Macrural tjpe the ventral surface of the pereion is formed of

the lower arc of the several somites which belong to this division of the ani-

mal. Some slight variations of form and apj^earance exist in separate genera.

In Palinurus the anterior part of the sternvim is narrow and longitudinally

longer than broad, while the posterior part gradually increases in width
from the anterior to the posterior extremity. Each somite is completely
fused with those with which it is in contact at the centre, while deep lines

of fissure define their separation on each side, the posterior process of which
somites corresponds analogically with the so-called episternal plates in the

Brachyura, but homologically they are distinct, being, in this form, parts of

the true somite, and not a portion of the coxa of the leg incorporated with it

(PL II. fig. 1).

In the genus Astacits the sternal plates are all narrow, being scarcely

broader posteriorly than they are anteriorly, while in the genus Ilomanis the
sternal plates are still more narrow and less important. This appears to be the

general characteristic of the ventral plates in Nephrops, Palamon, Crangon,
&c., but more delicately and feebly constructed, so far as the external condi-

tions ; but in the lower forms of Crustacea, such as the Amphipoda and the
I^opoda, the sternal plates are broader than they are long, and consequently
the several pairs of appendages are widely separated from each other, cor-

respondingly so throughout the entire length of the pereion.

The internal structure in the Podophthalmous types is more complex than
the same parts in the lower or sessile-eyed forms.
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In Astacus, where the structure is perhaps more distinct, the margins of
the approximating somites are seen to be compressed together, the anterior
margin of one with the posterior of the next, and to thin out and ultimately
combine together into a thin wall or plate of partition, separating the several
sets of muscles connected with appendages belonging to one somite from
those belonging to adjoining ones. Independently of being walls of separa-
tion thcj are points of attachment on which some of the muscles are securely
fixed. Not only do they exist near the lateral margin, but continue in-
wards and extend forwards until they reach the corresponding processes on
the opposite side of the percion, and also anteriorly until they unite with a
similar system of osseous plates in the adjoining somite. Each plate appears
to form a basis on which a strong muscle may take root on cither side, thus
forming a fulcrum for muscular power and a means of separating one set of
muscles from another. In Palinurus these plates, when they approximate
the median line, turn over and lie horizontally with the longitudinal axis of the
animal. These plates thus displayed form a perforated floor on which the
larger and more important internal viscera rest. This osseous system con-
tinues from the postmandibular somite persistently to the penultimate somite
of the percion, where it is united with the floor of the pereion by a central

and lateral point of contact.

The anterior margins of the two halves of the first somite of the pereion
meet together in the centre and form an oblique and prominent bridge that
supports the posterior portion of the stomachic viscera, while the internal
processes of the apodema, as tkey are termed by M. Milne-Edwards, that spring
from the posterior two somites of the cephalon, are closely attached to, and
at their extremities are perfectly ossified with, the lateral and central parts
of the apodema of the anterior somite of the pereion, a point of union that the
structure of the animal requires to be of considerable strength, as the enor-
mous processes ofthe internal movable mandibular plates occupy so large a space
that their points of attachment necessitate a structure of greater resistance

and strength than the impoverished character and condition of the two
posterior somites of the cephalon are capable of securing to them, without
the additional support which they receive from a union of a more or less

perfect character with the anterior somite of the pereion.

The apodema that support the internal viscera are perforated by a series

of foramina that, whUe they correspond in form on each side of the central
line, yet diff'er in size and shape according to the relative proportions of the
organism that are connected with them. The dimensions of the foramina,
through which the muscles move the large and more important appendages, are
larger and more conspicuous than they that relate to those that move the
less efficient and smaller organs of the body. Thus we find that, generally,

the largest and most conspicuous foramina correspond with the third somite
of the pereion in Palinurus, Astacus, &c., whereas in those genera where the
great prehensile hand is produced by the increased growth and proportions of
any other pair of appendages, the foramina in the apodemal plate correspond
with the increase of their dimensions.

In the Anomura, of which we will take Liiliodes as the type, the internal
and apodemal plates do not project so as to reach the corresponding pro-
cesses on the opposite side. There are only six somites fused together on the
ventral surface, or, I should rather say, contributing to the formation of the
sternal plastron ; the seventh somite exists as a separate and distinct ring,

both dorsally and ventraUy free from ossified union with the anterior somites
of the pereion.
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In this genus the sternal plate, as an anatomical part of the animal, is

wanting, or represented only in a theoretical character by the median line

of fusion.

The coxae are existent without fusion with each other for some extent,

visible on the ventral surface before their close contact reaches ossification so

perfect that their line of union is represented by marks of depression only

on the external surface, and corresponding crests or ridges on the internal

surface. Dorsally this appears to be similarly repeated, and the lines of con-

tact are imperfect in their fusion until the plates have thinned out into a

membrane. Laterally the walls of the coxoe of the several pairs of appen-

dages are so closely compressed that their lines of union are with difficulty

determined not to be fused together. That they exist for some distance as

thin plates in close contact is certain ; but they ultimately reach a point

where the distinction is lost in perfect ossification. The internal plates ap-

proach the corresponding ones on the opposite side in the first two somites

only, whichform a bridge that supports the posterior extremity of the stomachic

region ; behind this the ventral surface rapidly widens, but the apodema or

internal plates abruptly terminate, leaving a large expansion for the internal

viscera to occupy.

In the Brachyura the central fusion of the sternal plates is still more perfect,

and the ventral portion of the somites appears to be covered entirely ; this

exists in a vertical plate that appears to be formed by being compressed

between the coxee of the corresponding pairs of appendages, the external

surface of which may be traced to a sinus (PI. II. fig. Grt) that opens in the

median line between the third and fourth somites. The segments of the

pereion in this order of Crustacea, as may be seen in the genus Cancer,

are very closely compressed, and apparently overlap each other dorsally,

while ventrally the several appendages, from their proportionate dimensions,

preclude the possibility of too close a contact. The consequence is that the

general arrangement of the entire muscular system that moves the appen-

dages or the pereion, together with the osseous structure that supports them,

is arranged in a circular fonn, the superior or extensor muscles forming the

upper or dorsal arc, and the inferior or flexor muscles forming the lower or

ventral arc. The plate, therefore, that is produced internally in the median line

is in continuation with the anterior portion of the ventral floor of the pere-

ion, and is the homologue of the sternal plate. This tendency of the muscles

to form round a common osseoiis centre appears to give a similar relation of

the several somites to one another. Thus we find that the apodema narrows

the dorsal extremity corresponding to each somite to such a degree that a

deep notch or fold takes place over the fourth pair of appendages, at which

point the curvature is greatest (fig. 5). It is this circular portion of the

muscles that facilitates that peculiar arrangement by which the posterior

two pairs of legs in Dromia, Boripe, &c. appear to be attached to the dorsal

surface of the animal, which enables them to adhere to floating pieces of

wood or weed, or seci:rely attach themselves to univalve shells by means of

these appendages.

The pleon, or that portion of the animal to which the appendages are

attached which, in their most perfect condition, are adapted for swimming,
undergoes a great variety of forms. It is perhaps most perfectly developed,

in accordance with the value and usefulness of its parts, in the Macrurous

division of Crustacea.

In the Edriophthalmia it is perhaps more simple in character ; but it is in

the Anisopoda, or that intermediate stage that unites the Isopoda and the
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Amphipoda, that we are enabled to determine the true homologlcal relation

of one part to the other.

In all Crustacea above the Entomostracous forms the several somites are
distinguished by a dorsal and a ventral arc. The dorsal is invariably a hard,
strong, and osseous plate. The ventral arc is mostly represented by an osseous

band that reaches across the animal, aud is united anteriorly and posteriorly

to the contiguous somites by large and flexible membranous tissues. The
dorsal arc is wide, and dips under the adjoining one anteriorly in all except
the second somite in the Macrura, which overrides the plates of the adjoin- •

ing somites both anteriorly and posteriorly. This arrangement does not
exist in the Edriophthalmia, because, there being no dorsal carapace pro-
tecting the pereion, all the somites have a separate and distinct dorsal arc.

The consequence is that each somite posteriori}'- overlaps the anterior margin
of the next succeeding ring, except the first or anterior somite of the pereion,

which overlaps anteriorly the posterior margin of the cephalon and posteriorly

the anterior margin of the second somite of the pereion. In each of these

orders of Crustacea we find that the greatest power of flexion is given
to the animal at these points.

In all the distinguishable somites of the Edriophthalmia, from one extre-
mity of the auimal to the other, each separate one is observed to support
laterally a large plate. These, in the pereion, are firmly attached to their

respective somites, but not ossified to them ; in the pleon they are so united
by ossific matter that one part is not capable of being separated anatomically
or distinguished in structure from the other. It is these parts in this

particular division of Crustacea that originated the idea of the theory of the
Crustacean somite as enunciated in 1830 by Prof. Milne-Edwards. The
fact that the supposed side-plates, or epimera, were merely the first joint of

the normal legs or appendages has been satisfactorily demonstrated in the

Edriophthalmia, as far as relates to the somites of the pereion ; but hitherto

the I'elation of the side-plates of the pleon to the normal condition of the

mobile appendages had not been demonstrated until the structure of the

-dermal anatomy of the genus A23seHdes had been made out* : that " one inter-

esting and, as far as we know, unique feature in these Crustacea yet remains

to be noticed. The segments of the pleon have the lateral walls (long known
as the epimera of Milne-Edwards, called also the pleura by many authors)

existing as articulated appendages, demonstrating two important features in

the homologies of these parts: 1st, that they are all really portions of the

appendages, being the first joint or coxae of the pleopod . . . aud 2ud, that,

since the peduncle consists of three joints, the second branch in the appen-
dages of the pleon, as in other parts, is shown to take place invariably at the

extremity of the third joint." In the Macrura and higher Stomapods the

coxal joint of the several appendages is united to the dorsal arc in a ver}'

perfect and complete state of ossification, with the exception of the first

somite, where there are no appendages, and the sixth, where the coxa is free

and articulates, with small lateral motions, with the dorsal arc of the respec-

tive somite. The seventh somite {teIso7i) is reduced in character and altered in

foi-m ; it universally covers and holds the terminal exit of the alimentary

canal, the inferior arc of which is represented by a membranous tissue. In
the Amphipodous order of Crustacea the fifth and sixth somites carry their

appendages with free coxa;, and the terminal somite exists only in the form

of a scale very liable to vary in shape, or separated into two of minute

* Hist. Brit. Seasile-eyecl Crust, vol. ii. p. 146 {Aimeudcs),

1876. G
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dimensions. In the Isopoda the sixth somite only has the coxte free, and the

appendages attached to them bear no very distant analogy to the homologous

pair as they exist in the Macrura. In numerous genera of Isopods the

sixth somite is developed to a very large size, and either absorbs or displaces

the terminal somite or telsou altogether, which in some genera is repre-

sented by a notch or cavity only, while in many others it is produced to a

point or terminates in a smooth and even margin ; with the exception of

some of the Anisopocl genera, the telson probably is absent throughout the

order of Isopods.

The form of the pleon in the Brachyura bears as close a resemblance to

that of the Isopoda belonging to the tribe Liberatka as that of the Macrura

resembles Parasitica in the same order.

The coxse or side-pieces, as they have been very commonly supposed to be,

are, in the Brachyura, very densely ossified with the dorsal arc, and this to

such an extent in the male animals that it is very difficult to determine their

presence. In the female, where the lateral development assumes a greater

extent, the line of union is capable of being determined by a marked depress

sion that defines the limit of the somites and the altered position of the appen.-

dao'es ; but that they are homologicallj' present in both sexes there can be no

reasonable cause of doubt. This, I think, may be generally depended on-^

that the more the coxa departs from the normal typo of the joint, as we see

in the Macrurous Crustacea, and becomes associated with the dorsal arc of

the theoretical somite, the more the character of the appendage becomes sim-

plified or depreciated ; but, on the other hand, the more intimately it be-

comes associated with the ventral arc, the more it becomes developed in its

connexion with the requirements of the animal, and any variation of form is

dependant on the value of its position and the habits and necessities of the

creature. Thus we find that aU the appendages of the cephalon and pereion

are associated with the ventral arc in the Brachyura and Macrura, but in

the Edriophthalmia those of the pereion are associated with the dorsal arc

;

whereas the ap])eudages of the pleon are, in all divisions of Crustacea, so

intimately associated with the dorsal arc that in most cases the coxa is in-

corporated with the somite, and generally the remainder of the appendages

disappear or are reduced to merely a rudimentary condition, useful in some
females for the attachment of ova ; while in the males they disappear more
or less completely, or in the general conditions of Kfe become variated so as

to fulfil special requirements or peculiar functions.

Thus the 21 somites of which the typical Crustacean consists each sup-

ports in its most simple condition a single pair of appendages ; and if we were
to suppose every segment of the animal to be reduced to its most simple cha-

racter, and the appendages attached to each segment reduced to the most
simple form of articulated hmbs, and all of them uniform in size, the animal

would bear a close analogy to a segmented annelid.

This we must take as the archetype of a crustaceous animal, and assume
that the appendages are attached to the spaces that exist between the dorsal

and the ventral arcs of each somite. Thus when we observe any extreme
variation of form, we must consider the earliest and most simple condition of

the appendage in the archetype ; and it is not at variance with our idea of

progression to assume that any great departure from the most simple type

that appears to be common to the entire or a large portion of the subking-

dom of Crustacea had its origin at an earlier period in the history of its

evolution.

The organs of vision arc common to all the Crustacea; and in those species
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that arc blind in their adult condition, the eyes are generally well developed

in the younger stages.

The eyes are, independent of their value as organs of vision, of great im-

portance in the study of the natural arrangement of the various forms of

animals in the subkingdom. They vary in form and character from the

most incipient ophthalmic spot to the compound eye erected on pedestals

;

but whether single or compound, solitary or in pairs, their form and compo-

sition is generally so persistent with certain forms and characteristics of the

life and habits of the animals that the few exceptions to the general rule do

not preclude them from being au important and valuable means of arranging

. Crustacea.

This was first appreciated by Leach, in 1815, in his Classification of the two

great divisions of these animals. He arranged them under the two great

heads of PoDOPnTHALiiiA and EDEiorHTHALMiA—or those Crustacea that in

their adult stage have the eyes elevated on peduncles or footstalks, and those

which have them sessile or Avithout any footstalk. To this general observa-

tion the exceptions are very few. Among some genera that inhabit subter-

ranean passages and live in the dark, the footstalks are so reduced in size that

they can only be said to exist theoretically, inasmuch as we find them well

exhibited in their young and early stage. We must therefore assume that

they have depreciated from their normal condition through adverse circum-

stances. On the other hand, among the Edriophthalmia we have the genus

Tanais with its compound eyes elevated on their own pedestals, differing from

the pedunculated form only in being rigid and incapable of movement.
;

In the Podophthalmia the eyes are implanted at the extremities of appen-

dages that are supported upon a separate and distinct somite.

In 1837 Prof. Milne-Edwards demonstrated this to be the case in the genus

Squilla ; in 185-1 he states, in his " Observations sur le Squelette tegumen-

taire des Crustaccs decapodes," Ann. des Sciences Nat. p. 254, which I have

since confirmed (fig. 7 ), that in the genus Palmunis (the Langouste) " I'anneau

ophthalmique est parfaitement distinct, et se pre'sente sous la forme d'une piece

sclerodermique impaire, courte et large, situec en avant du bord frontal de la

carapace, et au-dessus de I'anneau antcnnulaire. Les appendices ophthal-

miq'ues, ou tiges oculaires, naissent des deux extremites de ce segment, et se

composcnt chacun de deux articles : une piece que j'appeUerai hasophthahnite,

et une seconde, qui porte a son extremite la cornee transparente, et qii'on

peut nommer podophihalmite"

Milne-Edwards in the same manner shows how in several species of Pali-

nurus the antero-median portions of the carapace project more or less com-

pletely over the ophthalmic ring, and so {I. c. p. 255) " par consequent,

ouvert a ses deux extremites laterales pour le passage des tiges oculaires, et

I'espece de cadre ainsi constitue autour de la base de ces tiges forme la por-

tion fondamentalc de I'orbite ou trou orhitaire."

Thus the orbit in Crustacea is formed by the thii'd or second antennal

somite reaching over and coming into contact more or less perfectly with the

first antennal somite. The greater or less in degree the separation between

the second and third somite above the ophthalmic somite the more or less

complete is the orbit in Avhich the eye is protected. This varies in different

genera, and is very complete in the genus Cancer (PL II. fig. 9), where the

ophthalmic somite is enclosed entirely by the union without fusion of theantero-

dorsal projection of the posterior antennal somite with the anterior antennal

somite ; but, according to Mihie-Edwards, in the genus Palinunis this perfec-

tion of the orbit varies. In P. vulgaris (fig. 8) the ophthalmic somite is naked,

g2
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in P. frontalis it is covered, and in P. verrecnuvii it is enclosed ; and Milne-

Edwards observes that many other Crustacea offer examples of these three

organic forms. For instance Pagunis ccenohites and Calianassa have the

ophthahnic somite exposed as in. Palinwus vulgaris; Honmrus, Crangon, Pa-
Icemon, Galathea, Lithodes, lianina, &c. have this somite covered as in

Palinurus frontalis; and Homola has the ophthalmic somite enclosed.

In Astacus the ophthalmic somite is reduced to a minimum extent, and it

is only partially protected by the anterior projection of the rostrum of the

carapace.

Milne-Edwards says that, independently of the somite, the ocular appen-

dages are formed of three " articles " or joints, a eoxophthalmite, a basoph-

thalmite, and a podophthalmite, but that ordinarily the eoxophthalmite is

rudimentary or obsolete.

In the genus Alplueus (fig. 10) and other fossorial marine forms the ocular

appendage is reduced to an extent that allows the carapace to cover it

entirely; but in the larval form the organ (fig. 11) is seen to be as well de-

veloped and as prominent as that of any aquatic species. It is in this way
we may assume that the sessile condition of the organ in the Edriophthalmia
(fig. 12) has been attained, first by the contractiou or redaction in extent of

the ocular appendage, so that the anterior wall of the carapace shall cover it,

and then by the more intimate connexion of the organs with the structure of

the parts that protect them, and ultimately with entire absorption of the

ocular appendage ; the eye receives its support from the walls of the cara]3ace

alone.

Even here the organs are themselves still liable to depreciation ; thus
those that exist where light is absent (which inhabit decj) wells, subter-

ranean caves, and excavations in the depths of the ocean) first lose the

dark colour of the reflecting pigments, which is soon followed by a degene-
ration of the character and appearance of the lens. In Amjpelisca, an Am-
phipod that lives in muddj- bottoms, all the lenses but two have disappeared,

and the pigment has become red ; in the well-shrimp {Niphargus) the only
trace of an eye exists in some yellow-looking pigment; while in the Podo-
phthalmia we find that Polycheles (Heller), a jn-awn from the Adriatic closely

allied to (if not identical with) Didamia from the deep-sea dredging of the
' Challenger ' expedition, and another from the Mammoth Caves of America,
as well as Nephrons Stewarti (Wood-Mason) from Formosa, have the eyes
wanting as organs of vision, while they retain them as obsolete appendages.

The second pair of appendages is the first pair of antenna?. These M.
Milne-Edwards has named (for the sake of convenience in distinguishing them
from the second pair) the antenmdes. Eut as this term is one, in itself,

that is suggestive of dimiuutiveness and inferiority, I think that it had better
be employed as little as possible. Generally speaking, this pair is smaller in

proportion than the second ; but usually it is of a more highly organized
structure, and diminishes in dimensions as it becomes important in its

functional properties.

The appendage consists, in its normal condition, of three joints, homo-
typical of the coxa, the basos, and ischium of the true legs in Crustacea.
These three joints support an extremity that is very liable to vary in form,
number of branches, and general appearance ; but one of them must be re-
garded as the primary branch, iuasmucli as it is invariably furnished with a
set of organs peculiar to it, and found on no other part of the animal.
These are slender, delicate, mcra1n-anous, thread-like processes, that are

liable to vary somewhat in form and size, but are all but universally present
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in aquatic Cnistacca, and whicli, from their supposed connexion with the

sense of hearing, I have elsewhere denominated aural cilia. The secondary

branch is less important, and frequently divides into two or more rami.

Sometimes these flagelliform branches are reduced in size to a minimum
amount, and this generally corresponds with the highest character of tlie

organ ; for it appears to be in inverse ratio—the longer and more extensive

the character of the terminal ilagella, the less developed is the structural

condition of the organ of sense contained within the peduncle ; and, on the

other hand, the more developed the sensational organ, the feebler and less

numerous is the organism and less antenna-lilve is the general character

of the distal portions of the appendage. To this very constant condition in

the aquatic forms of Crustacea we have a variation in the terrestrial

species. In the genus Onisms and allied forms of Isopoda, as well as in

the littoral varieties of Amphipoda, such as Talitnis, Orchestia, &c., the first

pair of antennae are reduced to a minimum proportion consistent with their

presence, without any increased importance in the structural condition of the

peduncular joints, as far as I have been able to ascertain.

In the highest types of Crustacea the coxal joint is considerably enlarged

{vide pi. i. fig. 8 h, lleport for 1875), and contains within it a complicated

chamber and highly developed organ of sense ; while in the Macrurous forms

a less complicated chamber exists, with an external opening into which
small grains of sand find their way : in others, as first shown by Professor

Huxley in a species of Stomapod, well-developed forms resembling otolithes

are present ; this Dana has observed, and I have been enabled to confirm in

a species of Anchistia from Australia (PI. II. figs. 13 & 14).

In some genera, as Mysis among the Stomapoda, they vary in form
according to sexual distinction. The male animal has the two terminal

flagella feeble and slender, while a fasciculus of strong hook-formed hairs

are planted on the inner and lower angle of the most distal extremity of the

second joint of the peduncle, while a similar but less powerful group of spine-

like hairs are planted on a strongly projecting process on the inferior distal

extremity of the first joint (PI. II. fig. 15). There are other hairs implanted

on the lower margin of this joint of a very delicate ciliated character. The
peduncle of this antenna is very powerful, and there can be little doubt but

that it is useful as an organ of prehension, most probably employed in se-

curing the mate. These several facts are demonstrative evidence that the

first pair of antenna are connected with the acoustic properties.

Of this I purpose treating, as well as discussing the observations made by
Dr. Hcsen in his researches (published in 1864) on the auditory organs of

the Decapod Crustacea, when I report on the internal structure of the animal.

Contrary to a possible condition of all other appendages, the coxal joint

of the first pair of antennae is never absorbed into or fused with the sternal

portion or ventral arc of the somite to which it belongs.

The third pair of appendages consists of the second pair of antennte.

These are often very large and powerful organs, frequently adapted as

weapons of offence and prehension. They consist of two divisions similar

to the first pair, that is, a peduncular and flagelliform part. Of these the

peduncular consists of five joints, the flagelliform extremity of a strong,

solitary, multiarticulate rod in its most normal condition ; but it very fre-

quently varies in form, but never increases in the number of its branches.

• In the Macrura generally the flageUum is produced, on an average, to

about the length of the animal, and is mostly multiarticulate in its character,

the small articuli varying in ntimber and length. .Sometimes, as in Scyllarus
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(fig. 16), it consists of a single disk-like plate. But the greatest tendency to

variation in form exists in the Amphipod and Isopod Crustacea. In some
of these it reaches to a very considerable length and is multiarticulate, hut

in others it is reduced sometimes in length, sometimes in form. In Talitrus

it is reduced without alteration of character to a very small size ; so it is in

Hyperia ; but while in the former it stands on a long and powerful peduncle,

in the latter the peduncle is short and feeble. In Ohehira the flagellum is

broad, fiat, and uniarticulate, and fringed with a dense mass of soft hairs.

In Podocerus and a few closely allied genera the flagellum is formed of one

or two large articuli or joints, and the hairs are reduced in number but

increased in strength, and become hook-like spines. In Coroj)Mimi the

whole antenna bears a near resemblance to a true walking-appendage, and
is no doubt used to assist in progression, as is mostly the case with Crus-

tacea that inhabit tubes and hollows of their own excavation or building.

The peduncle of this antenna is invariably formed of five joints. These
are :—

The first, for which Professor Milne-Edwards has suggested, in the memoir
quoted, the name of coxocerite. This contains within it an organ of sense

which Milne-Edwards believes to be connected with that of hearing

;

but I think there will be little difficulty, when reporting on the internal

anatomy, in showing that it is connected with the olfactory sense. In
the Amphipoda and Isopoda, with but few exceptions, such as Talitrus,

OrcJiesiia, &c., the first joint is free ; but so it is in many of the Macrurous
forms, such as Astacus, Homarus, &c. But in Palinurus it is strongly built

into and fused with the ventral arc of the fourth or next approximating

somite. These parts are stOl more closely associated in the Brachyurous

form, so that it is difficult to determine where the antennae end and the

region named by Latreille the epistome commences.

The second joint, named by Milne-Edwards the hasocerite, is generally

short and supports at its extremity a movable squamiform appendage, to

which the same carcinologist has given the name of sccqJiocerite. This

apx^endage is coiastant in all Macrurous forms of Crustacea. It appears to

be .wanting in the genus Palimirus only ; but even here it is represented, as

I had the opportunity of showing, in the Eeport on " The Marine Fauna of

Devon and Cornwall," by a figure of it incorporated in the integument of the

succeeding joint, as if it were absorbed by pressure against it.

This appendage (scaphocerite) does not exist in any of the forms higher or

lower than the Macrura, except Pontki (PI. II. fig. 18) in the Entomostracous
forms, and that peculiarly interesting little Isopod A2')seudes, in which genus

we find a small squamiform plate resembling and probably homologous with it.

The third joint the above author has named the ischiocerite, and the tAVo

following the mesocerite and the carpocerite, while the multiarticulate

fiagellum, which corresponds "to the penultimate joint of the thoracic

member," he calls the procerite. It is rather a curious oversight that, while

Milne-Edwards has been most particular in identifying the several parts of

the second antennge by an especial name, he has omitted to give any to those

of the first pair of antennae, the three joints of the peduncle of which are

homotypical of the coxocerite, the basocerite, and the ischiocerite of the

second pair of antennae; but the flagellum, instead of being homotypical of

the procerite, represents the mesocerite and the successive articulations.

% In the Macrura generally the joints of the peduncle are distinctly separated

from one another ; but in some of the higher forms, such as Astaciis, Homarus,
and Palinurus, they exhibit a tendency to crowd and coalesce with each other.
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that is increased in the Anomura, and carried to such a degree in tlie

Erachyura, that in some, as in Meiiethceus, Leptopodus, Maia, &c., the first

two or three articulations arc not to be distinguished from the surrounding

structure except bj- the position of the olfactory opening.

In the Cancerida3 all the joints of the peduncle (PI. II. fig. 17) are fused

together and are so closely implanted in the structure of the facial portion of

the two first somites that they assist m.ore or less perfectly in forming the

walls of the ocular orbit, the several variations of which are made use of by

Alphonse Milne-Edwards as a means of assisting him to distinguish the several

genera of the Cancerides from each other, and which, from theii- easily acces-

sible position, might be found a convenient aid in assisting to determine

genera among fossil forms.

Among the Amphipoda all the several articulations are distinct from one

another and from the body of the animal, and the olfactory organ is carried

in a long tooth-like process that is open at the extremity. This arrangement

is not so distinct in the Isopoda and the terrestrial Amphipoda. It also dis-

appears in certain abnormal forms of aberrant and parasitic Isopoda.

The next succeeding, or fourth pair of appendages is among the most con-

stant in the subkingdom. Within certain limits the mandibles vary with every

genus, and would form when detached a very certain means of generic diag-

nosis. In the most simple condition, where they approximate in form to that

of the peduncular portion of the second pair of antennas, they exist in Nehalia

(PL III. fig. 19). But, as stated by Milne-Edwards (" Squelette tegumentaire

des Crustace's de'capodes," p. 256, Ann. des Sc. Nat. 1854), the mandibles are

not appendages simply applied against the mouth, but occupy of themselves

a special cavity, flanking on either side the entrance to the alimentary canal,

which, when the two are brought into juxtaposition in the median line, they

generally close. The mandible in Nehalia (PI. III. fig. 19) is formed of a long

osseous process that projects internally, and is secured by muscular attachments

to the internal dorsal surface of the carapace ; a large obtuse-pointed process

is projected inwards across the mouth, and antagonizes with a corresponding

process on the one opposite. This process is very liable to vary in form in

different genera. Beyond this process, at the root of it, springs a cylindrical

osseous continuation, at the apex of which are articulated two equally long

and important joints. These two joints are homologically the same that form

the small appendicular appendage attached to the mandible of all Crustacea

(PI. III. fig. 21 ) so persistently that their absence is a fact to be recorded in the

structure of special genera, such as Talitrus and Orchestia among the Amphi-
poda. In a scientific point of view, this appendage must be part of the

primary portion of the theoretical limb. This idea also receives confirmation

in the form of the mandibles of the genus Pontia of Milne-Edwards, where may
be observed a secondary ramus attached to the extremity of the first joint of

the appendicular branch (PL III. fig. 20).

This appendage M. Mdne-Edwards, in the nomenclature that he has

given, proposes to name the protognutli ; but the first joint, or true mandi-

bular portion, he calls the proto-coxor/nathite, and the second joint the proto-

lasognathite, and the other joints in succession after the names of the

respective joints in the ideal appendage which they homologically re-

present. While wishing to give all honour to that distinguished carcino-

logist for the care and exactitude in determining the several parts of the

structure of a crustacean by means of a distinct nomenclature, it is with

regret that I am compelled to admit that they would be more practically

useful, and consequeutly more generally adopted, if the terms were less
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lengthy, and -with a less redundancy of expression, I shall therefore in this

report, as far as possible, adopt the terms of definition proposed by Milne-
Edwards, but omit generally the appendicular term so constantly repeated

by him. Thus the terms coxa, basos, ischium, mesos, carpus, propodos, and
dactylos -will be sufficient for -whatever appendage I may be -writing about,

without repeating the name of the appendage, yvhether gnaihite, podite, cerite,

or other, after that of each individual joint.

But it is only just that Professor Milne-Edwards's reasons for adopting
these terms should be reported in his own words. Writing of the appendages
of the mouth, he says :

—

" Depuis les beaux travaux do Savigny sur la bouche dcs animaux arti-.

cule's, on e'accorde gcnc'ralemcnt a considerer tons ces organes comme etant

des homologues des pattes, mais on les distingue presque toujours entre eux
sous les noms particuliers de mandibules, machoircs proprement dites et

machoires auxiliaires ou pattes-machoires ; ces designations spe'ciales sont

•quelquefois utiles ; mais, dans la plupart des cas, il est preferable de con-
siderer tons ces appendices masticateurs comme des membres d'un seul et

raeme groupe orgauique, de leur donner un nom commun, et de specialiser

ce nom par radjonction d'une racine adjective ; on pourrait de la sorte les

nppeler protognathe, deutognathe, etc. et faire entrer le mot gnathitc, comme
racine constant, dans la composition dcs noms applique's a chacun des articles,

ou elements sclerodermiques, dont ils sont formes. Ces gnathites seraient

diffe'rencics a I'aide d'un certain nombre de racines adjectives indiquant leur

position dans le membrc, et lorsque dans les descriptions zoologiques on
aurait a en parler, on pourrait se borner a ajouter aux noms compose's, qui
appartiendraient en commun h tons les termes de chaque serie des pieces

liomologues, un uumcro d'ordre pour indiquer leur position dans cette scrie

organique, c'est-a-dire les appendices auxquels ils appartiennent. Ainsi je
proposcrai d'appeler coxognatMte, hasignatkite, mesognathite, etc. les articles

(jui, dans la serie dcs appendices maxillaires correspondent au co.vite, au hasite,

etc. dans les autres membres, et d'appeler premier coxognatliite la piece de
cet ordre qui appartient au protognathite, deuxieme co.vognathite celle qui
appartient au deutognaihite, etc. Ce systcme de nomenclature est a la fois si

bref, si commode et si eminemment significatif, que je demande aux carci-

uologistes la permission d'en faire usage uon seulement dans les considerations
morphologiques dont je m'occupe ici, mais aussi dans les travaux taxolo-
giques que je me propose de publier proehainement."-—" Squelette iegummtaire
des Crustaces decapodes" Ann. Sc. Nat. 1S54, p. 267.
The mandible or protognathe is sometimes very large, and at others reduced

to a rudimentary condition. In Pcdinurus it occupies on each side one half
of the breadth of the animal, and to remove the two mandibles is almost to

decapitate the animal. In some of the parasitic forms it is reduced to a
rudimentary condition. In the female of Anceus {Pranisa) it, with other
appendages, coalesces to form a probing or lancing instrument that projects
like a proboscis beyond the head ; while in the male of the same genus the
niandibles are situated on the anterior margin of the head, and stand pro-
jecting like a pair of rude irregular antennae. Eut in this animal the mouth
is closed, or at most represented by a microscopic aperture, as it, in this
stage, exists without eating.

In most forms of Crustacea the space that exists between the anterior
margin of the protognathe or mandible and the posterior margin of the
epistome is occupied by a fold of the membranous tissue that encloses the
oral cavity. This fold is frequently ossified and projected into a strong
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labium or movable Kp. It is very conspicuous in young animals, and fre-

(jucntly iu adult forms, particularly among the Amphipoda. It is represented

by two small osseous disks in Palimtrus, and a single small triangular plate

in Cancer, Corresponding with this labium posteriorly is another that

protects the opening between the mandibles in this direction. This is also

supported frequently by osseous plates ; bat this organ is not constantly

developed beyond a limited extent, except in a fe^v instances. In Pallnurus

it consists of a central osseous plate, having a suture through the median
line ; from this base it projects in two long membranous sacs, supported on
the outer or posterior surface by one or two osseous plates (PI. III. fig. 22).

It is this organ, it appears to me, that represents and is homologous with the

lip-plate or metastoma in Eurypterus, Pteri/gotus, &c., that has been so fully

described by Huxley, Woodward, and Salter.

The fifth or next succeeding pair of appendages is that which Prof. Milne-

Edwards has called the deutognathe. It is what has been known in popular

carcinology as the first pair of foot-jaws, and first maxilla or siagnopoda in

the ' History of the British Sessile-eyed Crustacea,' the latter name being sug-

gested by Prof. Westwood " as the Greek equivalent for the Latin name of

the five pairs of appendages succeeding the mandibles, which were collectively

teTxaed pattes-mdcJwires by Cuvicr, Savigny," &c.

The deutognathe in all known form^ of Crustacea exists in the adidt stage

in an embryonic condition ; it is small in size, feeble in power, and consists, in

different genera and families, of a varying number of thin squamiform i:)lates.

Each joint of the typical limb, as far as present in the adult condition (PI. III.

fig. 23), offers no very exceptional distinction from the same iu the embry-
onic stage (fig. 24).

The ti-itognatJw, or sixth pair of appendages, supports the idea of the adult

form bearing a close resemblance to that of the zoea or embryonic condition

stiU more decidedly (PI. III. figs. 25 & 26),

The seventh pair of appendages, the teiarfognatJie of Mihie-Edwards's

nomenclature, is the first pair of muclioives aiuviliaires of Savigny, or the

anterior mdclwires or foot-jaws of most authors.

These, in the adult Brachyura, are still more embryonic in appearance.

In Maia and Cancer they are very reduced in size and apparent importance

(PI. III. fig. 27) ; but in some less highly developed types, such as the Am-
phipoda and Isopoda, where they are generally recognized under the name of

maxUlipeds (PI. III. fig. 28), they assume a more important feature, and

bear a not very distant resemblance to the typical form from which they

are supposed to depart. In NihuUa they closely resemble the posteriorly

succeediug pairs of limbs ; but in this genus the whole of these gradually

degenerate to the embryonic condition as they recede from this point.

In the larval or zoea stage of Crustacea they are wanting in the higher

forms.

These three pairs of limbs appear to me to offer an interesting and valuable

example of the manner in which any great changes in the variation of the

structure of an animal takes place. The crowding together so to speak of

the three posterior somites of the ccphalon, so as to bring, as much as possible,

the several pairs of appendages within the limits of the oral region, so crushes

them in their position, that their usefulness as separate organs must be much
impeded. It would therefore appear that the crowding of appendages

together interferes with and arrests the progress of their development, while

they are best suited to exist under the altered conditions where they are

the least inconvenient. That they are of little or no importance iu the
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economy of the animal can, I think, be demonstrated in the habits of theii-

life—a circumstance which, I think, can be shown in the slight variation of

their structure in the adult stage from that of the larval form, to depart in

the anterior members towards the mandibular form, and posteriorly to put

on conditions most consonant with the usefulness of the succeeding appendage ;

that is, while the anterior ones feebly approximate the mandibular form, the

posterior have attached to them parts resembling immature branchial organs.

These seven pairs of appendages are all that belong to the cephalon or head

;

and it appears to me that, however closely any of those that succeed may be

associated with them in functional purposes, they are homologically distinct,

and, as members of separate portions of the body, they should be named

and distinguished in a scientific nomenclature more in accordance with their

homological relationship than with their functional power.

The next pair of appendages is the first that belongs to the pereion or

thorax in the Crustacean typo of animals. It is the eighth pair in posterior

rotation, but is generally named by authors according to its relation to the

mouth. It is the 2'>^^^^ptognatlie of Milue-Edwards's more recent nomenclatvu'e,

the second pair of mdcJioires auxiliaires of Savigny, and the second pair of

maxUlipeds or foot-jaws of most carcinologists. It is the fourth siagnojoodos

according to Professor Westwood's suggestion, and the fii'st pair of gnatlio-

poda of the 'History of British Sessile-eyed Crustacea,' according to the

nomenclature of the author of this report.

This multiplication of names for a single appendage, signifying, as they

severally do, various affinities, is by no means flattering to the students of

Crustacea; but, to a large extent, it occurs from the circumstance that while

one anatomist has contemplated the animal in the adult and higher concen-

trated forms, others have contemplated it in the more imperfect types. It

is therefore the object in this report to bring together these several and

various discrepancies, and demonstrate the relationship) of jiarts through

their various degrees of growth and change, and retain by one fixed name
the same part however it may vary in structure or functional conditions

through all stages of variation in Crustacean life.

• In Crustacea the eighth pair of appendages in the structure of the ani-

mal is the first pair that belongs to the body. In the Brachyura it

exists in the same type as is found in the zoea or larva form (fig. 29),

from which it varies only in the more robust character of some of the

joints of which it is constructed (PL III. fig. 30). In this state it varies in

form and degree only within a limited range, gradually becoming more pedi-

form in character as we examine it through the Macrura (PL III. fig. 31) in

the descending order until we reach SquUla (PL III. fig. 32), where we find

it developed as a large and important organ that gives a decided and distin-

guishing feature to the animal. Through this genus we are led to the

Eriophthalmia (PL III. fig. 33), among which we find that in the Amphipoda
it is formed on the same type as in SqiiiUa, but gradually approaching in its

general characteristics and appearance those of the succeeding pairs of legs,

until in the Isopoda it is in most families uniform with them.

Thus we see that not only in their relation to the body of the animal, but

also in their most general appearance and affinities they are part of the

game system of appendages as those posterior to them, and that their relation

to those anterior arises from that crowding together of parts in the higher

types of Crustacea that forces an abnormal form as the result.

This fiair of appendages, as being the first attached to the " pereion " or

body of the animal, may with consistency be called, as it reaUy is, the

first pair of pereiopoda. But throughout the higher Crustacean forms the
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first two pairs of appendages are functionally utilized as attendants upon the

mouth]; and where this is not the case they are formed as organs of prehen-
sion, more especially among the male animals. This is exemplified even in

those species, as among the terrestrial Isopods, where the outward form is

less striking, but tlie whole appendage is strengthened for grasping piirposes.

The next or ninth pair of appendages is almost if not universally formed
upon the same type as the preceding. There is a departvire in degree to bo
found, more pronounced in the Brachyura, in consequence of the appendages
crowding so much on one another. Thus, while those that experience most
the pressure of those that overlap them are precluded from attaining their

fully developed forms, the external ones, or they that overlap the preceding,

have, in order the more perfectly to fulfil their duties, extended their own
surfaces, so as more effectually to protect the oral cavity, as an operculum
covering the month.

These two pairs are variated so constantly from the other appendages
of the percion that I think it will be foiind convenient in most cases to

designate them by distinguishing names. The licporter has, in the Eeport
on the Amphipoda in 1865 and elsewhere, called them gnathopoda, as feet

or appendages connected with the mouth ; and I see every reason whj' this

name should be adopted throughout the whole subkingdom, as one better

adapted, both functionally and homologically, than those proposed either by
Milne-Edwards's latest nomenclature, or the still less correct ones in popular

use of previous authors.

In the larval form the second gnathopod is less advanced than the first,

but in the adult stage it is larger and more efficient. An exception to this

exists in Nehalia, where all the appendages of the pereion are developed

upon an immature or embryonic type. These gradually decrease in power
and form the more they recede posteriorly. All these appendages exhibit

the seven joints that are present in the formation of a single limb ; and in

those instances where there is a decrease in that number, the joint that is

wanting is lost at the extremity. This appears to be very general through
aU the Brachyural and Macrural divisions.

In the higher forms both pairs of gnathopoda carry a secondary branch
as well as another that has generally been known as the " fiabelliform

appenage." For these Milne-Edwards has proposed the name of endognathe

for the primary or internal ramus, exognathe for the external or second
ramus, and epignatJie for that which is generally known as the " fiabelliform

appendage," and mesognathe for the fourth. But as the representatives or

homotypes of these same appendages occur in different grades of Crustacean

form, and whenever they do occur they bear the same relation to the limb
from which they spring, it would be better that they should consistently

be known by their homotypical character, rather than vary their name with
every succeeding appendage. Thus the fiabelliform appendage invariably

springs from the coxa or first joint, and is homotypical of the branchial

organs in other pairs of limbs ; another is invariably connected with
the hasos or second joint, and the third has its origin in the ischium or

third joint. One or all may be suppressed ; but whenever either the

one or the other is present it has its origin in its own peculiar joint,

and as such should be identified in any scientific nomenclature. I there-

fore suggest the names of coxecjjJii/sis, hasecphysis, and iscliiecpliysis for the

several parts*, as branches springing fi'om those joints, in whatever appen-
dage they may be found. Thus the secondary branch that exists attached to

the legs in Phyllosoma or the yoimg of Palinurus is an ischiecphysis ; in

* The name of the joint being compounded with the word eKipvais, sprout or branch.
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Mysis a very similar appendage is the 'basecptj-sis, while the bfanchise ard,

in all cases when present, the homologaics of the coxecphj-sis.

The next five succeeding pairs of appendages are the true legs as they

exist in the typical forms of Crustacea, and it is from the general appearance

of them that the higher forms are known as Decapoda, or Ten-footed Crus-

tacea. In a scientific point of view the name is incorrect and misleading

;

for in manj^ of the Macrura and the Edi-ioplithalmia they are twelve or

fovirteen in number, while in the Anomura the departure of the last two
pairs of pcrciopoda from the tjpical form is as great as the two first in

many other forms ; consequently the name of Decapoda, as well as Dana's

name of TetracUcapoda, is both incorrect and homologically untrue. These

five pairs constitute the tenth to the fourteenth pairs of appendages ; but as

they are limbs attached to the pereion, I have elsewhere suggested that they

should bo known as pereiopoda. Milne-Edwards, in his nomenclature, has

not identified them with any distinguishing name ; he merely calls the anterior

pair, which is cheliform in many genera, by the name of bras (arms), and the

lestjyattes (feet), and it is remarkable that he should identify each one of the

seven joints that is present in its construction by a distinguishing term ; but

the entire member he defines by an imscientific but popular phrase that is

inconvenient, as it is found that the prehensile power is not confined to a

single pair, but, as in Asfacus and Homarus, is the property of other limbs,

while in some, as in Sc)/UarHS, it does not exist in any. Carrying this

observation into other forms, we find that in certain Amphipoda the great

chelate or arm-like organ exists in the fifth pair of pereiopoda, as in

Phronima. Thus we see that the power of being developed into a grasping

forceps or hand exists in each or all the pereiopoda in succession ; therefore

the term of arm, or bras, is inadmissible in a scientific nomenclature. I there-

fore propose to call these five pairs of appendages the pereiopoda, in accordance

with the terms used in the ' History of the British Sessile-ej-ed Crustacea.'

They invariably consist of seven joints ; these are most distinguishable in

the Macrura and the lower forms. In the Report on the Sessile-eyed

Crustacea, 1855, the author clearly demonstrated the several joints respec-

tively in the Amphipoda. This required no effoi't on his part to interpret

in the Macrura, since in Homariis, Astaciis, and Pcdinurus the general

points are very distinguishable ; but as we examine higher in the scale of

animals, we find that in the Anomura the coxce of the several pairs of legs

are gradually becoming absorbed and becoming part of the ventral surface

of the body ; and this in the Brachyura is earned still further, inasmuch as

it is difficult to define how much of the structure is due to the legs and how
much to the body, and it is not improbable that the appendages have en-
croached upon and absorbed the generallj' more important structure.

The coxa or first joint appears to be essential to the existence of the animal,

inasmuch as it is the seat of all the more important organs connected with
the vital existence. The auditory and olfactory senses are situated in the

cosas of the antenna?, and all the branchial appendages have their origin in

the coxfe of the pereiopoda, while the sexual organs, both male and female,

are implanted in the coxfc of the seventh and fifth pairs respectively. The
next two joints of the limbs may, and in some of the Stomapoda do, carry

appendages attached to them ; but none of the joints beyond the ischium are

ever so furnished.

The anterior pair is the one most commonly developed in the higher forms
into large chelae or hands. It is the more general in the male than in the

female, and I have commonly observed that the female chela generally

corresponds more closely with the less-developed chela in males than with
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the greater. Sometimes the male appendage is developed so monstroiisly

that they appear inconvenient and burdensome, and are occasionally so long
that they arc useless in an attempt to reach the mouth. Thus in Homarus
the animal feeds itself with the small posterior pair. In GeJassirmis no
ingenuity on the part of the animal would enable it to reach the mouth with
the extremities of the large chelate organ. In the process of feeding they
are useful only as holding food while the animal carries it to the mouth with
the smaller but more convenient organs. The chela is always formed by the

greater or less amountof development that is given to the inferior angle of the

distal extremity of the antepenultimate joint. This power of production ap-
pears to be dormant in every limb, since we see it occasionally exhibited in all.

Thus in Palinurus it is rudimentarily present in the posterior pair of pereio-

poda, and in the genus Pa<jnrus it is developed into a small but efficient organ,

by which the animal cleanses out and removes obstructive objects that may
have found their way into the branchial chamber, and so fulfils the same
duties as those performed by the fiahella attached to the gnathopoda, and
which are wanting in the Anomura.

The fact that the coxtc of all the legs attached to the pereion are in some
orders absorbed into the sternal plastron, while they are not so in others,

offers a ready and safe means by which pahieontologists may determine the
order to which a fossil Crustacean might belong by the evidence of a single

leg. Thus it will be seen invariably that seven distinct and free joints are

visible in the Macrura, while only six are free in the Brachyura ; whereas
in the Anomura there are six free and one partially so. This evidence
might be carried still further, inasmuch as in Astacus and Homanis the coxae

are seen to approximate to each other on the opposite sides closely, while
in Palinurus thej- are near anteriorly and broadly separated posteriorly.

The appendages that follow are those that are modified for swimming.
When exhibited in the most normal condition, they consist of a long pedun-
cular stalk supporting two oblong leaf-like plates, surroiiuded by a fringe of
small hairs. Sometimes they consist of a scries of multiarticulations, as in

Amphipoda ; sometimes of long cylindiical imiarticular branches, as in Cancer.

In some instances, as in tSquUla, there is a third branch that springs from
the side of the peduncle near the base ; this is so membranoiis in character

and ramified in construction, that it is evidently formed for the purpose of

assisting in aeration of the blood.

The pleopoda are utilized, according to the habits of the animal, for various

purposes, and throughout them all their adaptation to propulsion through the
water is not only the most constant but also very generally associated with
other offices.

In the Isopoda they appear to bo the only organs adapted for respiration

that the animal possesses. Tet their rapid motion is the only means which
the)' possess of swimming.

In the Amphipoda, it is this latter use alone for which these organs are
adapted, while respiration is fulfilled by other means. But here only the ante-
rior three pairs are adapted for swimming purposes, while the posterior three
are utilized for leaping when on laud, or forcibly dashing through the watei-.

The Isopoda have only the posterior pair so variated, and the Macrura have two
pairs; but in this latter order they are more adapted for producing a retro-
grade motion, darting backwards as they frequently do to a^oid unexpected
and sudden danger. In the Macrurous forms they are also available for the
purpose of retaining connexion with the ova, and supporting the life of the
embryo until it is matured. Throughout most of the Macrurous forms the
pleopoda fulfil this doiible purpose in the female.
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In the Anomiira they are only adapted for swimming in the long-tailed

forms ; but in Erachyura they are only utilized for the suspension of ova in

the female, and never used for swimming except in very young animals, and

reduced to two pairs only in the male, where they are interlocked in each

other and adapted as organs aiding intromission,

I cannot close this portion of the report without expressing great admi-

ration of the valuable memoir of Milne-Edwards, so frequently quoted in

these pages. With the exception of Professor Huxley's Hunterian Lectures,

St. George Mivart's Memoir on the Lobster in the ' Popular Science Eeview,'

and a Memoir on the same subject by J. S. Kingsley, recently published

in the 'American JN^aturalist' (Aug. 1876), little has been written on this

subject of late years.

It is remarkable that so large and important a class of animals should

have been left so long without being anatomically studied, and it is to be

hoped that the important' part that they must take in the great history of

progressive evolution will gradually induce naturalists to give them the

attention that their importance deserves.

EXPLANATION OF THE PLATES.

Plate IL

Fig. 1. Sternum from Palinurus.

2. Sternum from Ncphrops.

3. Sternum from Lithodes,

4. Sternum from Cancer.

.5. Sternum from Cancer, lat. est. aspect, t Dorsal notcli.

G. Sternum from Cancer, longitudinal section. * Ventral sinus.

7. Spinal processes attached to legs in Megalopa.
8. Eyes from Palinurus.

9. Eyes from Cancer.

10. Eyes from Alphteus, adult.

11. Eyes from Alphceus, young.
12. Eyes from Amphipoda.
1.3. Antenna, first, from Anchistia.

li. Otolith from same.

1.5. Antenna, first, Mysis, male.

16. Antenna, second, Hcyllarus.

17. Antenna, second, Cancer.

18. Anteima, second, Pontia.

Plate III.

19. Mandible from Ncbalia.

20. Mandible from Pontia.

21. Mandible from Palamon.
22. Labium, postei-ior, from PaUmirus.
23. Deutognathe from Cancer, adult.

24. Deutognathe from Cancer, young.'

25. Tritoguathe from Cancer, adult.

26. Tritoguathe from Cancer, young.
27. Tetartognathe, or maxilliped of authors. Cancer.

28. Tetartoguatlie, or ma?iilliped, of Amphipod.
29. Gnathopoda from Cancer, young.
30. Gnathopoda from Cancer, adult.

31. Gnathopoda from Macrura.
32. Gnathopoda from Squilla.

33. Gnathopoda from Amphipoda,
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Second Report of the Committee for investigating the circulation of the

Underground Waters in the Neiv Red Sandstone andPermian Forma-
tions of England, and the quantity aiid character of the water
supplied to various towns and districts from these formations. The
Committee consisting of Professor Hull^ Mr. Binney^ Rev. H. W.
Crosskey, Captain D. Galton^ Professor A. H. Green, Professor

Harkness, Mr. H. Howell, Mr. W. Molyneux, Mr. G. H.
Morton, Mr. Pengelly, Professor Prestwich, Mr. J. Plant,
Mr. Mellard Reade, Mr. C. Fox-Strangways, Mr. W. Whi-
taker, and Mr. C. E. Be Rance. Drawn up by Mr. De Range
[Secretary).

Since the last Meeting of the Association your Committee have continued to

distribute largely the circular forms of inquiry, and a large amount of valu-

able information has been obtained, especially as to the deep wells of Liver-

pool, Birkenhead, Nottingham, and Birmingham. But in several districts, as

in Staffordshire, important information is promised so soon as works now in

I^rogress are completed ; and the members of your Committee taking charge

of those districts have considered it best to defer making a report until they

present you with a final one on their particular areas. Your Committee,

should they be reappointed, have every hope, from promises already received,

of completing the trust which you have given them by the next Meeting

of the Association.

In the present Report the details of weEs in the New Eed Sandstone are

collected, which yield at Livei-pool no loss than 7,197,330 gallons daily ; at

Birkenhead more than 7 millions ; at Coventry, Birmingham, and Leaming-
ton 4^ millions ; at Nottingham nearly 4 miUiou gallons ; at "Warrington

572,360 gallons ; at Stockport 1,073,820 gallons.

The largest yield of one individual well is that at Green Lane, Old Swan,
near Liverpool, the average daily yield of which in 1875 amounted to

2,533,050 gallons, and the present maximum of which amounts to no less than

3,243,549 gallons pumped up by three engines, one at least of which is

always at work, from a depth of 136 feet.

In regard to the Liverpool wells, it appears to be established by the obser-

vation of Mr. Deacon, the Borough Engineer, to quote the words of his Report,
" That the water in the public wells is regularly sinking to a lower level, or

that if it be maintained at a constant level, the water capable of being pumped
is a continually diminishing quantity." But there is not yet sufficient evi-

dence to prove what balance of absolute quantity of water stUl remains in the

sandstones of the area capable of being drawn on by additional wells.

Amongst the borings, of which the details will be found in the present

Report, is one at Rampside, near Barrow-in-Furncss, which reached a depth

of no less than 2210 feet from the surface, in a fruitless search for coal. At
a depth of 250 feet a spring of water was cut in the Permian Red Sandstone,

which yields 13,500 gallons of water daily, flowing out at the top of a one-

inch pipe, and rising to a height of 12 feet above the surface of the ground.

The rocks beneath the Permian have been proved by this boring to be of

Yoredale age, the Coal-measures being absent, as stated would j^robably be

the case by Mr. Aveline and other geologists before the boring was carried

out.

An interesting feature in this boring is the presence of petroleum-oil in

the Yoredale rock near the bottom, which caused the water cut in penetra-

ting this sandstone to be much charged with oil.
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Tour Committee •would wish to call attention to the publication, since the

last Meeting, of the sixth and final Eeport of Her Majesty's Commissioners
appointed to inquire into the best means of preventing the pollution of rivers.

The volume treats of the Domestic Water Supply of Great Britain, and in

it the Commissioners state that the New lied Sandstone Rock constitutes one
of the most effective filtering media known ; and being at the same time a

powerful destroyer of organic matter, the evidence of previous pollutiou, in

water drawn from deep wells in this rock, may be safely ignored, " for being
a porous and ferruginous rock, it exerts a powerful oxidizing influence upon
the dissolved organic matter which percolates through it. To such an extent
is this oxidation carried, that in some cases, as in those of the deep-well

waters supplying St. Helen's and Tranmere, every trace of organic matter
is converted into innocuous mineral compounds."
The Commissioners further add that, though the quartz sand constituting

the bulk of the New Red Sandstone is usually cemeuted together by carbonate
or sulphate of lime, the hardness of the water is generally modei'ate, and of

a nature that can be softened by lime, according to Dr. Clark's method, and
that the " unpolluted waters drawn from deep wells in the New Red Sandstone
are almost invariably clear, sparkling, and palatable, and are amongst the best
and most wholesome waters for domestic supply in Great Britain. They, con-
tain, as a rule, but a moderate amount of saline impurity, and either none or

but the merest traces of organic impurity. There is every reason to believe

that a vast quantity of hitherto unutilized water of most excellent quality

is to be had at moderate expense from this very extensive geological for-

mation."

This area is certainly not less than ten thousand square miles in extent in

England and "Wales, with an average rainfall of 30 inches, of which certainly

never less than 10 inches per annum percolates into the gi'ouud, which would
give an absorption of water amounting to no loss than one hundi'ed and forty-

three millions three hundred and thirty-six thousand gallons per square mile
per annum, which, on an available area of ten thousand square miles, gives

an annual absorption of nearly a billion and a half of gallons in England and
Wales.

How small a proportion tlie enormous quantities pumped at various stations

(as exemplified in this and the previous Report) bear to the available resources,

will be at once apparent. The abundant balance loft will, we trust, ere long
be made available for those towns and country populations in the Midland
Counties now suffering all the ills so prolifically springing from a polluted

water supply.

Midland Counties.

Name of Member of Committee asking for information. Rev. Henry W.
Crosskey.

Name of Individual or Company applied to :

—

Waterworks, Coventry.

1. One 196 ft. deep, one 75 ft. deep, and oue 800 feet from surface. 2. 256
ft. 3. 10 ft., 4 ft. diameter; 290 feet, from 2 ft. to 6 in. 4. 14 feet ; difference

12Lom-s. 5. 800,000. 6. Yes, diminished slightly. 7. Yes, in a few hom-s. 8. No.
9. Red Sandstone and clay. 13. No. 14. Not aware of any except at Leaming-
ton. 15. No.

Birmlughani Corporation.

1. Asion, juxia Birmingham. 2. 295 ft. 3. 120 ft., diameter 10 ft.; 407 ft.,

18 in. bore-hole. 4. Overflows 10 ft. above siuface, 100 ft.
;
pump night and day.

5. 3 million gallons. 6. Not observed to have altered. 7. Not observed.



ON THE CIRCULATION OF UNDERGROUND WATERS. 97

Grains per gallon.

8. Total solids 12'88

Volatile combustible matter 0-84

Chloride of lime 0-91

Nitric acid 0-00

Hardness before boiling: 9'^'3

9. 28 ft.; iron tube through top soil and drift- gravel, the rest all sandstone -with

marl and partings and some fine conglomerate ; linisli of bore-hole in 25 ft. thick of

marl. 10. Yes. 11. Yes. 12. No. 13. No. 14. None nearer than Cannock.
15. No.

Name of Member of Committee asking for information, T. Mellard Eeade.
Name of Individual or Company applied to :

—

Leamington Local Board, per Mr. Bright.

1. North-east portion of Leamington. 2. 20-5 ft. 3. 80 ft. deep, 8 ft. diameter

;

234 ft. deep, 18 in. diameter. 4. Normal level 20 ft. below surface. 5. 750,000
galls, per day. 6. Works not yet completed. 7. Top of water is 26 ft. above
river Learn. 8. Analysis attached; water remai'kably pure and sq/i;, whereas sur-

face-wells contain very hard water.

Analysis of loater from the new bore-hole, by Dr. Horace Swete, taken from a
depth of 200 ft. from surface. Water very clear, almost as clear as distilled water
—the smallest point being easily read at a depth of 2 ft. Temperatm-e at well,
50° Fahrenheit \ requires no filtration.

Grains per gallon.

Total solids 20-0

Chlorides 1-3

Sulphates—very sparingly.

Nitrate—a trace.

Faint trace of iron. ^
Temporary hardness . . . .......... 5-5

Permanent „ 6-5

.
12-0

, , Parts per million.

Free ammonia
,

-000

Albumenoidal ammonia. -020

This water is an extremely pure specimen, even for a deep well, and requires no
filtration. It contains less than one. tenth of the amount of organic matter than the
present town supply, and is not only a softer water for domestic purposes, but
the deposition of carbonates causing incrustation in boilers is considerably less in

quantity. .

February 2nd, 1875. . Horace Swete, M.D., Analyst.

9. Map of strata previously sent, consisting of sandstone of various thickness divided
by marls. 10. Yes. 11. Yes. 12. Not within a mile, where one is known south
of Borough, and another two miles k-est. 13. No. 14. Yes, in the valley half a
mile south. 15. Yes ; the first experimental boring was discontinued in consequence
of finding, under the saliferous marls, very salt water, one layer of this marl being
more than 100 ft. thick.

Name of Member of Committee asking for information, C. Tylden Wright.
Name of Individual or Company applied to :

—

The Manager, Nottingham Waterworks.

1. Bestwood pumping Station, near Nottingham. 3. Depth of shaft 64 yards

;

size 16 ft. X 10 ft. ; two tunnels are driven out from the bottom about 60 yards.

5, Maximimi quantitv pumped for 24 hours 3,772,800 galls. ; minimum quantity
3,450,000 galls. 9. Pebble beds of the New Red Sandstene.

1. Worksop. 3. Bore-hole 4 inches in diameter, depth SCO ft. 5. Pumping in

1875, 40 gallons per minute.

1876. n
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Ordnance sheet, 72N.W.). 2. G15ft. 3. Shaft 145 ft. deep, 12 ft. diameter; bore-hole

500 ft. deep, 24 in. diameter. 4. The level ofwater in this case is kept down neai-ly

to bottom of shaft, but the water has been found to fill 900 cub. yards of standage

drift and rise about 20 ft. up shaft in 24 hours. 5. 900,000 galls. 6. The seasons

affect this shaft very little ; the feeders hare been permanent during the past 5 years,

but less than when the shaft was ;««< down (bore-hole in hand at present). 7. No.

8. Water of good quality ; about 9° hardness. 9. New Ked Sandstone (with band
of marl of considerable thickness), cover about 20 ft. If a section of the shaft and
bore-hole woidd be of service I should be glad to supply the same. 10. About 1 mile

N.E. there are several copious springs, and apparently quite unaffected by the above

sinking. 11. No surface-spring near well. 12. There are several /««7fe in the im-

mediate locality. A large fmdt running about JV.K, and about 1 mile north of this

shaft, supposed to be the southern limits of the N.-Staifordshire coal-field ; but

borings just completed to the south have proved coal at a depth of 265 yards. 13.

None. 14. None to my knowledge. 15. The above well is the only one in the

neighbourhood sunk for the purposes of water supply.

Messrs. Mather and Piatt.

1. Messrs. Lonsdale and Adshead, Macclesfield. 3. 12-inch bore, 94 ft. deep,

5. 66,240 galls.

Lancashiet! and Cheshiee.

Name of Member of Committee asking for information, G. H. Morton.

Name of Individual or Company applied to :

—

Ml'. George F. Deacon, C.E., Municipal OfEces, Dale Street.

1. Litherland Road, Bootle, near Liverpool. 2. CO feet. 3. Depth of shaft

108 ft.; oval, 12'0"x9' 0"*. 4. Pumping continuously, except when stopped for

repairs. During a stoppage from oOth Jan. to Feb. 18, 1876, the water rose 11 ft.

above Ord. datum, or 50 ft. above the bottom of the well. 5. Average for 1875,

1,399,791 galls.; present maximum 1,433,720 galls. 6. See repoi-ts herewith.

7. See No. 4. Ffl'ect of local rains not traced.

8. Copy of Analyst's last report.

Total
BoUd

Matter
in

Solution.
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Name of Member of Committee asking for information, T. Mellard Reade.
Name of Individual or Company applied to :

—

Ormskirk Local Board.

1. The well is situate within a short distance from the town of Ormskirk, on the

N.E. side, and near to Bath Wood. 2. 1:^9-1 ft. above Ordnance datum. 3. From
surface to bottom of well 60 ft. deep, 7 ft. diameter. There is no bore-hole in the

well. 4. Before pumping the water rises to the surface of well ; after pumping
the water stands 2 ft. deep at bottom of well. Ordinary level restored in 2 hours
after pumping. 5. 232,000 galls. 6. The water-level varies slightly in summer
and winter, but has not diminished during the last 10 years. 7. The ordinary level

is affected by local rains within 24 hours afterwards. 8. Analysis of the Ormskirk
water by Dr. Brett, of Liverpool. This water, when left to stand, is perfectly colour-

less, devoid of odour, and pleasant to the taste ; its composition is as follows, the

amount of ingredients being calculated to the imperial gallon :

—

grains.

Chloride of sodium, or common salt 3-20

Sulphate of lime, or gypsum 1-92

Carbonate of lime 104
Carbonate of magnesia 040
Oxide of iron with a little silica 0'12

Total 6-68

9. The strata are, first marl 11 ft., sand 7 ft., the remainder is New Red Sandstone.

10. Yes. 11. No. 12. Yes, especially a very large fault on the west side of well.

13. No. 14. No. 15. No.

Name of Member of Committee asking for information, George H. Morton.

Name of Individual or Company applied to :

—

St. Helen's Waterworks.

1 . Eccleston Hill, adj oining turnpike, and at the sandstone-quarry, marked 260 ft.

above Ordnance datum (see Ordnance sheets). 2. 260 ft. 3. Depth 70 yards,

diameter 10 ft. ; depth from surface to bottom of bore-hole 388 ft. 4. As the

pumps never cease pumping it is difficult to say, meanwhile the water is practically

kept down to one level. 5. 640,000 galls, per day of 24 hours. 6. The yield

varies at different seasons, but to what extent it is difficult to say : the water has

diminished during the past 10 years. 7. Yes ; but after a dry summer it takes 8

or 10 weeks before the 1 or 2 extra hours out of the 24 can be resumed by the

extra engine. The water-level in wells stands below adjoining streams. 8. We
have no analysis ; the water is of very excellent quality'. 9. No drift. The wells

or shafts are sunk in the New Red Sandstone formation, through the middle or

pebble-beds division of the Bunter, and to a depth from the surface of about 18 ft.

into the lower division, 70 yards in all. Thus,

After boring 60 ft. deep, no
water-yielding strata found—
that is, 00 ft. below bottom of

well, and in lower formation.

my-m'/z/yy/y/w/Miy///////
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Name of Member of Committee asking for information, Mr. T. Mellard

Eeade.

Name of Individual or Company applied to :

—

Messrs. Mather and Piatt.

1. Seedley, near Manclaester. 3. 102' X 87"; 382' X 18", 354' x 18", 167' X IS",

5. 750,000 galls, from the three holes*. 9. Red Sandstone with bands of raddle.

1. Chester Street, Oxford Street, Manchester. 3. 70' X 4'; 536' x 15". 5.570,000
galls.

1, Messrs. Bayley and Craven, Manchester. 3. 18 in. diameter, 454 ft. in depth.

5. 648,000 galls. 9. New Red Sandstone.

1. Messrs. Aitkeu Brothers, Manchester. 3. 18-in. bore, depth 378ft. 5. 800,000
galls. 9. New Red Sandstone.

1. Messrs. William Sumner, Manchester. 3. Bore 12 in. diameter, 189 ft. in

depth. 5, 4G,0S0 galls. 9. New Red Sandstone.

1. Messrs. Rylands and Sons, Manchester. 3. 12-in. bore, 312 ft. in depth.

5. 90,720 galls. 9. New Red Sandstone.

1. Messrs. B. I). Brookes, Manchester, 3. 12-inch bore, 259 ft. in depth.

5. 86,400 galls. 9. New Red Sandstone.

1. Loudon and Manchester Plate Glass Company, St. Helen's. 3. 9-inch bore,

depth 348 ft. 5. 48,000 galls. 9. New Red Sandstone.

1. Messrs. A. and J. Stott, Flixton, Manchester. 3. 12-iuch bore, 284 ft. in

depth. 5, 317,520 galls. 9, New Red Sandstone.

1 . Messrs. Chadwick and Taylor, Higher Bronghton, Manchester. 3. 75' X 10'

;

671' X 15". 5.800,000. 9. See Section.

1, The ConTalescent Hospital, Cheadle. 3. 12 in. diameter, 145 ft. in depth.

5. 55,200 galls. 9. New Red Sandstone.

1, Messrs. Ermen and Robj', Patricroft. 3, 18 in. diameter, 315 ft. deep.

5, 100,800 galls. 9, New Red Sandstone.

1. Salford Ironworks, Manchester. 3. IS in. diameter, 212 ft. deep. 5. 50,000
galls. 9. New Red Sandstone.

1, Messrs. Thoms, Chadwick, Salford. 3. 12-inch bore, 432 ft. deep. 5. 50,000
galls. 9, New Red Sandstone.

1. Messrs. J. J. M. Worrall, Salford. 3. 18 in. diameter, depth 400 ft. 5. 480,000
galls. 9. New Red Sandstone.

1. Messrs. Roberts, Dale & Co., Cornbrook. 3. 9-inch bore, 178 ft. deep,

5. 30,000 galls. 9. New Red Sandstone.

Name of Member of Committee asking for information, George H, Morton.
Name of Individual or Company applied to :

—

Birkenhead Conmiissioners, per ISIr. W. T. Callow, Water Engineer.

1. Elaybrick well, Birkenhead. 2. 176 ft. 3. Shaft 205 ft., 16 ft.x8 ft.;

the bore-hole 322 ft., 18 in. wide ; the bore-hole 773 ft., 18 in., Aug. 11, 1876t.
4. 156 ft. from the surface. 5. Usually 1^ million galls, in 13 hours; 2 or 3 mil-
lions have sometimes been obtained by continuous pumping for 24 hours. 6. No.
7. A little additional in wet seasons. 8. Residt of analvsis expressed in parts per
100,000:—

'I
* The three bore-holes are all in the same well, and the water rises into well, and is

pumped up to the surface.

t in progress and will probably be 800 ft. ; the deepest in the neighbourhood of
Liverpool.
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Total solid matter in solution 15

Organic carbon '074

Organic nitrogen '066

Ammonia "002

Nitrogen as nitrites and nitrates •345

Total combined nitrogen '413

Chlorine 3'7

Hardness, total 4g°

Suspended matter clear and bright.

9. No drift ; base of Keuper Sandstone, upper soft Bunter Sandstone, Pebble-beds.

10. No drift. 11. There are none. 12. There is a fault close to the well, with a

thi-owofabout70ft. 13. No. 14. No. 15. No.

George H. Morton, Birkenhead Commissioners, per Mr. W. T. Callow.

1. Spring Hill, Claughton, Birkenhead. 2. 125 ft. 3. Shaft 95 ft. deep (2 shafts

7 ft. diameter); bore-hole 395 ft. from surface. 4._ 115 ft. from the surface.

5. 5 million galls, per week are obtained by pumping night and day. 6. Does not

vary ; has diminished 20 ft. since 1858. 7. No. 8, Eesult of analysis expressed

in parts per 100,000:—

Total solid matter in solution 21

Organic carbon "HO
Organic nitrogen '062

Ammonia "002

Nitrogen as nitrites and nitrates .... "253

Total combined nitrogen '317

Chlorine 3'1

Total hardness
_
lOJo

Suspended matter clear and bright.

9. No drift; base of Keuper Sandstone; Upper soft Bunter Sandstone. 10. No
drift. 11. There are none. 12. No, not very near. 13. No. 14. No. 15. No.

Wirrell Waterworks Company, Prenton, Birkenhead.

1. Prenton valley, 3 miles S.W. of Birkenhead. 2. 80 ft. 3. 90 ft., diameter

about 12 ft., bore 295 ft., diameter 18 in. 4. 68 ft., fills rapidly pumping.

5. About 2,000,000 galls. 6. No. 7. No. 8. Very pm-e and good. 9. Boulder-

clay about 10 ft., the rest Upper Bunter, but the bore-hole chiefly in the -jDebble-

beds. 10. No. 12. Only of the ordiuarj' kind. 13. No. 14. No. 15. No.

1. Wirrell Waterworks, Oxton, near Bii'kenhead. 3. 22' 6"x4', 369'xl5".

5, 750,000 galls. 9. White and Red Sandstone, chiefly red.

Tranmere'Local Boai-d, per Mr. W. A. Eichardson, C.E,

1. Harjpy Valley, western side of the township of Tranmere. 2. 89 ft. 15 in.,

3. 128 f^t., 9 ft. diameter of shaft ; bore-hole 250 ft., 9, 6, 4 in., and 130 ft.

15 in. from hottom of well ; 378 and 318 ft. from surface. 4. 78 ft. 8 in. below surface.

5. 720,000 galls. 6. No ; it has diminished 9 ft. 6 in. in 10 years, but only 2 ft. 1 in.

during the last 8 years. 7. No ; 23 ft. 2 in. above sea-level. 8. Clear, pure, and

tasteless ; about 8-75 degrees of hardness; analysis :

—

Grains per gall.

Free ammonia 0-0035

Ammonia derived from organic matter 0'0018

Organic matter, exclusive of nitrogen 00180
Carbonate of lime and magnesia 5-8770

Carbonate of soda 1-6960

SiUphate of lime 3-5720

Nitrate of magnesia 0-9640

Chloride of sodium 38440
Silicic acid, a mere trace.

15-9763

9. 15 ft. of drift ; no clay : Upper soft Bunter Sandstone. 10. No. 11. There
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are none, 12. One. about .150 yards to the east of well 13. No. 14. No.
15. No.

, . .

Wallasey Local Board.

1. Township of Seacombe, parish of Wallasey, county of Chester, between
the Great Roat, Birkenhead, and River Mersey. 2. About 20 ft. 3. 90 ft.

;

246 ft., 12 in. and 8 in. diameters. 4. If at rest many hours, about 16 ft. before, and
after pumping' about -50 ft. from surface. 5. Present machinery has pumped about

f million galls, per diem ; it is estimated that at least twice can be by addi-
tional boring, &c. (in hand). 6. Does not vary much ; diminution, during time
named, due to increased pumping. Cannot say otherwise, as engine cannot be
stopped long enough to test the question. 7. Not perceptibly. Level when at

rest would stand a few feet above mean high-water level. 8. Have not an
analysis at hand ; water about 6° of hardness (Clark's test) ; water very good and
clear. 9. Section sent herewith :

—

ft.

Red marl to 78
Sand and marl „ 87
Marl ...- „ 93
Clay and sands „ 96
White rock „ 108
Red rock „ 164
Grey rock „ 176
Hard red rock „ 198
Soft red rock „ 246
Bottom of bore-hole at 300

11. Yes. 12. It is believed so. 13. No. 14. Not aware of any. 15. Not aware
of any deep ones.

Mr. William Inman, J.P.

1. Upton, 4 miles W. of Birkenhead. 2. About 100 ft. 3. 173 ft., diameter
about 8 ft. ; bore 278 ft. diameter, and 6 in. wide. 4. About 100 ft. above Ord-
nance datum. 5. Not kuown. 6. Not known. 7. Not known. 8. Very good.
9._ AUred marl of Keuper. 10. No. 12. One about a mile E. of the well, which
brings the Upper Banter and red marl in contact. 14. No.

Name of Member of Committee asking for information, T. Mallard Eeade.
. Name of Individual or Companj' applied to :

—

Messrs. N. Mathieson & Co., Widnes.

. 1. Our own. No. 1 well, at N.E. end of works, Widnes. 2. 10 ft. 3. 4 ft.

6 in. diameter X 30 ft. deep ; bore-hole 366 ft. from surface, 6 in. diameter. Before,
about 6 ft. from surface ; after 5 hours, about 25 ft. from surface. 5. About 2000
galls, per day of 12 hours. 6. Not being used. No means of testing. 7. No,
8. No analysis taken ; moderately good.

ft. iu.

9. Marsh clay 7
Quicksand 23
Brown clay 10
Quicksand 6
Bouldor-clay 90 10
Red rock 275 2

10. Little, from quicksands. 11. Not entirely. 12. Boring in the fault. 13. No.
14. No. 15. None.

Messrs. Sullivan & Co., British Alkali Works, Widnes.

1. We have two wells, Nos. 1 and 2, at these works ; they are about 500 yards
apart, and each about 300 yards from the River Mersey. 2. No. 1 well is about
25 ft., .ind No. 2 "well about 15 ft. above the mean sea-level. 3. No. 1 well, for a
depth of 27 ft. from the surface is 6 ft. diameter, for a further depth of 31 ft. is

5 ft. diameter, equal 58 ft. total depth of well from surface ; the bore-hole is 390 ft.

deep from surface X 4 in. diameter. No. 2 well, for a depth of 38 ft. fi-om the sur-
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face is 10 ft. diameter, for a further depth of 22 ft. is 8 ft. diameter, equal to 60 ft.

total depth from surface; the bore-hole is 400 ft. deep from surfacexl4 in. dia-

meter. 4. No. 1 well : water stands 10 ft. from sm-face before pumping, and takes
4 to 5 hours to rise to the same level again after pumping. No. 2 well : water
stands 6 It. from surface before pumping and takes 1 to 2 hours to rise to the
same level again after pumping. 5. No. 1 well about 70,000 galls, per 12
hours: No. 2 well about 300,000 galls, per 12 hours. 6, At No. 1 well the
yield is less during the summer months than the winter months, and the yield
is much less all the year round than it was when the well was first sunk some
7 years ago. No 2 well has only been finished some six months ; no variation in
the yield has yet been perceived. 7. Not when the water from the quicksand is

kept out of the well. In No. 1 well the water-level is about 15 ft., and in No. 2
well about 9 ft. above the mean water-level of the River Mersey, which is the
nearest stream. 8. The waters from both wells yield about 24 gi-ains of solid matter
per gallon when evaporated down ; chiefly salts of calcium. 9. No, 1 well : 2 ft.

of soil, 36 ft. of strong brown clay, 17 ft. of quicksand, 2 ft. 9 in. of sand and pebbles,

01 ft. of strong brown clay, 5 ft. of quicksand and pebbles ; remainder Red Sand-
stone. No. 2 well : 2 ft. of soil, 28 ft. of strong brown clay, 21 ft. of quicksand, 61
ft. of soft clay ; remainder Red Sandstone. 10. No ; the quicksands passed through
of course yield water. 11. Yes ; the water from quicksands is kept out, but can be
.turned in at pleasure. 12. No. 13. No. 14. No. 15. We are not aware of any.

The Sankey White Lead Company.
• 1. On the works of the Sankey White Lead Company Limited, Sankey Bridge,
near Warrington. 2. About 25 ft. ? 3. 33 ft. 4 in. from surface to bottom of well,
5 ft. 6 in. diameter ; 100 ft. from surface to bottom of bore, 8 in. diameter. 4. 3 ft.

6 in. from surface, height to which the water rises ; rose 23 ft. 4 in. in 4 hours. 5. 40
galls, per minute. 6. No perceptible variation ; only at work from 5 to 6 years.
7. No observations. 8. No accurate analysis. 9. No rock was met with. Sec-
tion as follows :

—

ft. in.

Soil 1 61 „, ,

Sand and gravel 6 6 J
" ®'-

Clay with boulders 45 Absolutely dry.
Sand and gravel 2 Spring of 15 galls, per minute.
Clay as above 25
Sand and gravel 5 A little increase of water; drift coal.

iBore
ends in a bed of clean gravel,

about 3 ft. thick ; the last 15 ft.

increased supply to 40 galls, per
minute.

100

11. All surface-springs kept out. 12. We know of none. 13. No. 14. Not very
near. 15. In Warrington bores have been abandoned from this cause.

Messrs. Mather and Piatt.

1. Warrington Wire Company, Warrington. 3. 18-inch bore, 212 ft. deep.
5. 63,360 galls. 9. New Red Sandstone.

1. Messrs. Roberts, Dale and Co., Warrington. 3. 9-iuch bore, 225 ft. in depth.
5. 28,000 galls. 9. New Red Sandstone.

1. Messrs. Jas. Owen and Co., Winwick, Warrington. 3. 18 in. diameter,
212 ft. deep. 5. 461,000 galls. 9. New Red Sandstone.

Wm. Wood-Blake, Esq., Warrington House, Northwich, Cheshire.

1. Alsager boring, within 300 yards of Alsager Railway Station. 2. 310 ft.

3. Tapped' water at a depth of 553 ft. in a 3-inch bore-hole. 4. The water rises to
the surface, supplying first a 4-inch bore, then a 5-inch bore at the top ; when a
3-inch iron tube is screwed on the 5-inch tube, the water rises to 10 or 12 ft. above
the surface. 8. Has been analyzed, and is very pure and soft, and suitable for brew-
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ing purposes. 9. Passed through red marl and grey rock, wth thin bed of gypsum,

to the red sandstone rock, when the water was met with ; continued the boring in

the red sandstone to a depth of nearly 1000 ft., but the water was not increased

thereby. 10. No. 11. This is a report of boring operations. 12. Within 1 mile.

13. No. 14. Within 2 miles. 15. No. Within § a mile of the above boring there

is a large mere, called "Alsager Mere," 11 acres in extent, with neither an inlet or

outlet on the surface, the water of which is very clear and pure. This lake ebbs

and flows, rising sometimes even in very dry seasons.

Messrs. Mather and Piatt.

1. Stockport Waterworks, Wilmston. 3. 12-inch bore, 170 ft. deep. 5. 54,700

galls. 9. New Red Sandstone.

1. Messrs. Charles Marsland, Stockport. 3. 12-inch bore, 182 ft. deep. 5- 30,oG0

galls. 9. New lied Sandstone.

1, Messrs. R. Sykes and Co., Stockport. 3. 18 in. diameter, 42 4ft. in depth.

5. 806,400 galls.

1. Messrs. J. E. & W. Christy, Stockport. 3. Diameter 12 in., depth 228 ft. 5.

3,200 galls. 9. New Red Sandstone.

1. Messrs. S. & T. Carrington, Stockport. 3. Diameter of bore 12 in., depth 190 ft.

5. 50,000. 8. New Red Sandstone.

1. Messrs. Robert Orme, Stockport. 3. 12 inches diameter of bore, depth 192 ft.

5. 24,960 galls.

1. Messrs. Bayley & Co., Stock-port. 3. 18-iuch bore, 274 ft. deep. 5. 30,000

galls. 9. New Red Sandstone.

Name of Member of Committee asking for information, C. E. De Ranee,

through Mr. W. S. Aveline.

Name of Individual or Company applied to :

—

John Vi\ian, C.E., for the Diamond Boring Company, Furness District.

1. Rampside, near Barrow-in-Furness. 2. 25 ft. 3. 8 in. hole at surface and
3 in. at bottom ; 2,210 ft. deep. 4. Water cut at 250 ft. from surface, and will rise

about 12 ft. above siu-face in an inch pipe. 5. 13,500 galls, flowing out of hole

daily. 6. Always running about the same quantity for the past 4 years. 7. A
beck runs within 5 ft. of hole, but at 5 ft. lower level than top of hole. 8. Peculiar

water was cut in the petroleum-bearing sandstone, but it only flowed ti'om that

place for a short time. 9. Water was cut in the New Red Sandstone; drift

about 100 ft. thick, consisting of gravel, sand, boulder-clay and cobbles. 10. No

;

but a little water was found on top of rock. 11. Tubed out of hole. 13. Brackish

water impregnated with petroleum-oil. 14. None.

Yorkshire.

Messrs. Mather and Piatt.

1. Messrs. Bolckow Vaughan, Middlesboro'. 3. 18 in. diameter, 1132 ft. deep.

5. 806,400 galls. 9. New Red Sandstone. See section of upper portion, previ-

ously published in last report.

Name of Member of Committee asking for information, C. Pox-Strangways.
Name of Individual or Company apj)lied to :

—
Messrs. Steward and Sons.*

1. Messrs. Steward & Sons, Comb Works, Walmgate Bar, York. 2. About 50 ft.

3. 8 yards to bottom of shaft, 46 yards to bottom of first bore-hole, 129 yards to

bottom of second. 4. Water stands at about 22 to 23 ft. from smface. 5. 500
galls, per minute from 3 bore-holes.

* The present owners of these wells do not appear to know much about them ; there-

fore I have filled in the form from information previously obtained, and from my own
personal knowledge of the locality.—0. F.-S.
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yards.

9. Clav and stones 8
Sand 20
Fine sandstone 18

46

The other bore-hole went to a depth of 129 yards. 10. Probably. 12. The geology

of the solid strata around York is too much obscured by drift to be sure on this

point. 13. No. 14. No. 15. No.

Kev. R. D. Owen.

1. In the centre of St. James's Sc^uare, Borobridge. 2. I believe about 30 ft.

3. 256 ft., diameter 4 in. bore-hole. 4. Before 17 ft; after 36 hours pumping a
reduction of 2 inches in the bore-pipe. 5. Number of gallons would depend on
the kind of pump used. Supply of water is supposed to be unlimited. 6. The
pump above is not yet in full work ; wells in this neighbourhood vary very little

at diilerent seasons of year. 7. Surface-water cut off to depth of 158 ft. from top

by iron (30 ft. 6 in.) anil copper (158 ft.) pipes. 8. Vide analysis already sent to you.

9. Soft red sand with boulders in it 28 ft. thick ; remainder New Red Sandstone,

with about 4 layers of red marl 3 to 4 in. thick. 10. Yes. 11, Yes. 12. No.

13. No. 14. No. 15. No,

Messrs. Brett, Sparringate, York.

1. My own. 2. 18 ft.* 3.80 ft. 4. 6 ft. from surface. 5. Constant flow 14-inch

pipe. 6. Not more than 2 ft. at any time. 7. Not at all ; not any communica-
tion. 8. Much peculiarity; analysis enclosed. 9. Clay, sand, white sand, at 70 ft.,

at which depth a piece of oak was pulled up in good preservation ; 100 ft. iron-

stone and sand ; sand continued more or less to 130 ft. ; gravel, sand, and water,

came up pipe out of ironstone at ISO ft. 10. No. 11. Yes. 12. No. 13. No.
14. Do not know. 15. Not to my knowledge.

Dr. Gill, Bootham Asylum, late of the North Eiding Asylum, York.

1. North Riding Asylum, Clifton, York (north side of Asylum). 2. 40 ft.

3. There is no well ; bore-hole begins at sm-face ; depth of bore-hole 232 ft. 9 in.

;

diameter 12 in. at surface, narrows to 6 in. 4. 8 ft. from surface before pumping

;

after pumping 24 hom-s, at 7000 galls, an hour, water lowered 9 ft. from water-level.

5. 70,000 galls, have been pumped a day without altering the level of 17 ft. fi-om

surface. 6. 1 do not know. 7. I do not know. No sm-face-water can get into

the bore-hole, as it is tubed with an iron pipe nearly to the bottom. 8. The water

is an ordinary hard water ; contains only a small percentage of sulphate of lime,

but qidte an appreciable quantity of iron ; it is very drinkable. 9. 1st, 7 ft. of

sand ; 1 ft. of peat moss ; 13 ft. dense blue clay ; 23 ft. dense blue clay, containing

boulders, many of which are ice-worn ; 10 ft. red sand; 16 ft. soft red sandstone

(with layers of slate ?) ; 23 ft. white sandstone ; 25 ft. red sandstone, with layers

of red clay and soft slate ; 10 ft. white sandstone ; 6 in. red clay ; 20 ft. red sand-

stone ; 8 ft. white sandstone ; 1 ft. red clay ; 15 ft. white sandstone ; 3 ft. red sand-

stone ; 2 ft. white sandstone, containing large quantities of water; 11 ft. white

Fandstone ; 42 ft. red sandstone to well-bottom. 10. Yes. 11. Yes. 12. Not that

I know of. 13. No. 14. Not salt springs, but some iron springs much stronger

than this water has been found in boring in York. 15. Not that I know of; the

bore-hole, I hear, was discontinued on account of the large quantity of iron the

water contained.

APPENDIX.
Abstract of Analysis of Waters from the New Red Sandstone given in the 6th

Report of the Pi,oyal Commission of Inquiry into the Pollution of Rivers.

(Table, p. 108.)

The numbers in the Table can be converted into grains per imperial gallon

by multiplying them by 7, and then moving the decimal point one place to

the left. The same operation transforms the hardness in the Tables into

degrees of hardness on Clark's scale.

* This must probably mean 18 ft, above level of Elver Ouse. The well is about 30 ft,

ove sea-level.
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Fourth Report of the Committee, consisting 0/ Professor Harkness,
Prof. Prestwich, Prof. Hughes, Rev. H. W. Crosskey, Prof. W.
Boyd Dawkins, Dr. Deane, Messrs. C. J. Woodward, L. C.

MiALL, Gr. H. Morton, and J. E. Lee, appointed for the purpose of
recording the position, height above the sea, lithological characters,

size, and origin of the more important of the Erratic Blocks of
England and Wales, reporting other matters of interest connected

with the same, and taking measures for their preservation. Drawn
up bij the Rev. H. W. Crosskey, Secretary.

The Committee has pursued the same course as during former j-ears. The
time for generalization has not yet arrived. There are many erratic blocks

scattered over the country as yet unrecorded, and their character and distri-

bution -svill largelj' aftect any conclusions that may ultimately be reached.

The Committee has for its present duty the collection of facts ; Avhen its

labours have resulted in a complete account of the isolated boulders and

groups of boulders of England, Wales, and Ireland, material now unavailable

will exist for theoretical discussion, and many important incidents in the

history of the glacial epoch will be more accurately determinable.

The importance of the work undertaken by the Committee continues to be

emphasized by the destruction which is constantly going on. AYar is waged
upon the boulders (which in many cases are our only source of information

respecting the epoch to which they belong) by agriculturists, and builders,

and road-makers with unceasing energy. They are built into walls, buried

in the earth, used as foundation-stones, and often lilastcd to pieces ; their

preservation is difficult to secure, on account of their interference with the

cultui'e of the land. In a few years it is not too much to say that the evi-

dence of glacial phenomena will in many districts be almost effaced.

The Committee directs attention to (1) the distribution of erratic boulders

from different centres of ice action ; (2) the agencies by which they have

been transported ; (3) the different periods in the glacial epoch to which they

belong ; (-1) the heights above the sea at which they are found, indicating

large changes in phj'sical geology.

The schedule of inquirj-, indicating the various points of the information

required, printed in a former Report, has been issued, and copies may always

be had on application to the Secretaiy of the Committee.

DfiVONSHlKE.

A Very remarkable group of boulders has been reported upon by Mr.

George Doe, of Great Torrington.

It is found in the estate of Eivalton, in the parish of Langtree, Devon,
about four miles from Great Torrington.

The dimensions of the largest boulder of the group are 13 ft. X 6 ft. x 3 ft.

It is subangular in form ; but there are no groovings or striations. It rests

on clay, close to a small brook, and is about 500 feet above the sea-level.

The only legend connected with it is the old story of its having been thrown
by the Devil.

At the distance of about 25 ft. N.E. is another boulder 3 ft. X ^ ft. X 2| ft.

At a distance of 35 yards are sis small boulders, cropping out from the

ground.
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At a distance of nearly half a mile are tkree more, similar to the last men-
tioned.

Near them is a deposit of flints in clay and a gravel-pit.

All these blocks except the first are south of the large boulder.

These boiilders consist of felsite, resembling that in many of the " Elvaus."

A felsitic Elvan, at Tresavaen, Gwen-nap, Cornwall, cannot be discriminated

from them. Possibly, however, a nearer locality may be found.

OXFOEDSHIEE.

Professor Prestwich describes a boulder found last summer, near Oxford,

in a bed of subangular flint-gravel (high-level river-gravel), at Wolvcrcote

bricli-pit, on the high road from Oxford to Woodstock, at an altitude of

about 40 feet above the level of the river Isis.

It consisted of a mass of hard saccharoid sandstone of concretionary origin,

some portion of it broken away, and the broken edges quite angular ; it

weighed about three tons. It bore no trace of ice-scratches. There were no

fossils to identify the sandstone ; but from general characteristics. Professor

Prestwich thinks that it is of Tertiary origin. Several smaller boulders, of

from I to 2 or 3 ft. cube, more or less worn, were dispersed irregularly

through the gravel, which is scarcely at all stratifled, and contains no fossils.

Midland Cotjnties.

Dr. Deane and your Secretary have examined numerous boulders in the

neighbourhood of Harborne, to W. and S.W. of Birmingham, between the

Hagley and Bristol roads.

One hundred and sixty rounded and subangular masses of stone have been

examined in this district. Fifty-five of these are clearly traceable to local

rocks—Carboniferous, Permian, or Triassic; the remainder are of distant

origia.

Very few of these travelled boulders are in situ. They have been rolled

or dragged off the land into ditches and by roadsides. Some, when the size

has been convenient, have been used by the " nailers " of the district for

hammering (or rather anvil) purposes.

Ninety are of the varieties of felstone so abundant in the Bromsgrovc
district. About half of these are of small size. Five are of considerable

magnitude—5 ft. 6 in. x 5 ft. X from 2 to 3 ft. ; the rest are from 2 to 4 ft. in

length and breadth, with variable thickness. One of these felstone boulders

(near Hole Farm, Moor Street, about two miles east of Hales Owen) is

worthy of special notice. Its dimensions are 3 ft. 6 in. x 2 ft. 6 in. x 2 ft.

;

and it contains in one specimen the three characteristics named in a previous

report as occurring separately in the boulders of Bromsgrove, A compact,

almost hornstone-hke matrix contains distinct included fragments and por-

phyritic felspar crystals. This specimen, therefore, confirms the view that

these felstone boulders, which are so numerous to the west and south of Bir-

mingham, as far as and beyond Bromsgrove, are portions of highly indurated

ash-beds.

At FlaveU's Farm, California, is one boulder of grey granite 2 ft. by
1 ft. 8 in. by 1 ft. Yein-qnartz and quartzite constitute nine small and
three large boulders ; and one of these, found near Harborne station, contains

included brecciated fragments of rock. The size of these quartzite boulders,
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the largest of whicli measures 3 ft. x 2 ft. 6 in. x 2 ft., negatives the idea

that they have come from the Bunter pebble-beds.

The general character of the boulders of this district is similar to that of

the Bromsgrove district ; but in the presence of granite, quartz, and meta-
morphic rock resembles the district north and west of Wolverhampton.

North and west and south-west of Wolverhampton, however, granite is

very much more abundant than in the district west and south-west of Bir-

mingham. The large boulders north and west and south-west of Wolver-
hampton are, it is probable, chiefly CriiFeU, or (more sparingly) Wigtonshire

granite*; but there is Eskdale granite in the neighbourhood, especially about

Bridgnorth.

The Welsh felspathic drift covers abundantly the west and south-west of

the Midland tableland, while felspathic rocks from the Lake-district accom-
pany the Eskdale granite, and are often mixed with the Criffell granite.

The boulders occur in two distinct positions—(1) in the older glacial beds,

(2) in the upper clay.

Lancashire.

Large striated boulders have recently been exposed in the extensive exca-

vations which have been made in the boulder-clay at Bootle, a northern

suburb of Liverpool. The site excavated is intended for new docks, and
extends along the river Mersey, being reclaimed from shore within the tidal

range.

Mr. G. H. Morton describes for your Committee the position of these

boulders, and gives the following section of the drift deposits which have
been exposed continuously over many acres. The thickness of the various

beds varies considerably according to position, and the middle sands and
gravels often thin out and leave the upper boulder-clay reposing on the

lower.

Section,

1. Sand and silt, old Bootle shore 17 feet.

2. Upper Boulder-clay 15 „
3. Sands and gravels 6 „
4. Lower Boulder-claj^ 6 „

Upper Bunter Sandstone.

The whole of the subdivisions, 1 to 4, repose in succession on the Bunter
Sandstone at that part of the section nearest the old coast-line.

The Lower Boulder-clay contains a much greater quantity of small stones

than the Upper Clay. No large boulders were observed ; but as the Lower
Clay is not exhibited to any considerable depth, it may possibly contain some.

The Middle Sands and Gravels consist of sands which frequently, by the

great increase of rounded pebbles, become gravels, resembling those at Preston
Junction, Wigan, Gresford, and Colwyn.
The Upper Boulder-clay contains comparatively few small smooth stones,

but many large boulders two or three feet in diameter. Many of these

are striated, and are composed of greenstone, but some are Eskdale granite.

These large boulders possibly occur at an average distance of twenty yards
from each other. A large mass of compact gypsum, about 4 feet in dia-

meter, was noticed.

The sections described are still exposed at the present time, August 1876.

* See paper by Mr. Mackintosh, Quart. Journ. Geol. See. vol. xxix. p. 358.
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Cumberland.

Pi-of. Harkness reports that a boulder of Silurian conglomerate (tlie

Queeusbiiry grit of the Geological Survey) occurs at the village of Bothel, in

the parish of Sorpenhow, North Cumberland. In length it is about 20 feet,

in height feet, in breadth 8 feet. It is beautifully striated on the western
side. It is situated between the 400 and 500 feet contour-line, and has been
transported from the north-west portion of DumfriesshirCj having travelled

about forty miles from N.N.AV. to S.S.E.

This boulder goes by the name of " Samson."
Prof. Harkness further reports that some fragments of Shapfell (Wastdale

crag) granite occur in a field in the farm of Hindrig, near Duftou, West-
moreland, at about 800 feet above the sea-level. These have for the most
part been blasted, and many fragments occur in the wall adjoining. Some
of the blocks are untouched ; but these are so imbedded in the soil that their

size cannot be determined.

There are also several small blocks of this granite iu gravels, which Prof.

Harkness regards as Eskars, in a gravel-hole on the farm of Luhau, in the

parish of Edcnhall, about three miles east of this. Near the village of Newton
Eeigny, about two and a half miles west from Penrith, large boulders occur.

They are so imbedded in the soil that their size cannot be determined. They
consist of the Lower Silurian trap of the Lake country. Boulders of the

same kind and of a large size are also seen on the cast side of Newton Moss,

which is a short distance S.W. of the village. The height of these Newton
boulders is about 600 feet above the sea.

NoKXH Wales.

Mr. D. Mackintosh contributes the following account of the boulders in

North Wales. An account of previous observations will be found in the

Quart. Journ. of Geol. Soc, Dec. 1874.

Between a mile and a mile and a half west of Llan-y-cil, on the north-

west side of Bala Lake, the glacial striaj in several places average between
45° and 50^ north of geographical west ; and the boulders are of precisely the

same kind as would have come from about the north-west or from the neigh-

bourhood of Llyn Arenig. Both the direction of the stria) and course of the

boulders would cross Bala Lake at nearly right angles to its length ; so that

if the basin of the lake had ever been scooped out by land- ice, this ice must
have come from the soiith-west before the period of the great boulder trans-

portation from the Arenig mountain.

At the south-west end, and along the south-east side of Bala Lake, many
of the boulders are not the same as those from the Arenig mountain, which
are chiefly found on the north-west side ; and they decrease in number north-

eastwards, suggesting the idea that they came from the south-west.

Through the gap immediately south of Mocl Ferna, numbers of boulders

appear to have found their way into Glyn Ceiriog, and cast as far at least as

Chirk. Numerous large boulders have gone nearly duo east along the valley

of the Dee, as far at least as Cefn and Buabon. The east and north-cast

boundary of the Arenig dispersion may be roughly defined as extending from
Chirk by Cefn, Euabon, Wrexham, Caergwrle, Mold, and the east sid«

of Halkin mountain to Holywell, and thence in a Avesterly diicction to tlie

vale of Clwvd. This lino neurlv coincides with the boundary of the great

187G. '

"
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northern granitic drift. Both drifts (the Welsh and northern) have, to a slight

extent, crossed the average boundary, and a few small Arenig boulders have

found their way across the estuary of the Dee into the peninsula of Wirral,

where they have become mixed with the very abundant northern drift from

the Lake district and the south of Scotland.

The western boundary of the Arenig felstone drift would appear to run

from the Arenig range in a N.X.E. direction as far at least as the celebrated

Cefn Cave, near St, Asaph, where, to a slight extent, it has become mixed

with the northern drift, and Ukewise with erratics probably from the neigh-

bourhood of Conway. Few or no boulders from the southern part of the

Snowdon range would appear to have found their way over the high table-

lands situated to the east of Llanrwst and Bcttws-y-coed, the Snowdon dis-

persion having radiated in all directions to short distances only, excepting

towards the south. This Arenig dispersion is one of the most remarkable in

South Britain. The felstone boulders from the Arenig range have radiated

to great distances over an area extending from N.N.E. to E., and to short

distances from E. to S.E.-—that is, over the fourth of a circle. The boulders

have found their way across valleys and over watersheds and high mountains.

In most places they have wholly ignored the configuration of the ground,

excepting where gaps in mountain-ranges have facilitated their transporta-

tion. A detailed examination of the surface-configuration, viewed in con-

nexion with the positions occupied by the boulders, would seem to favour

the idea that they could only have been carried by floating ice ; but it ought

to be observed that there is an apparent distinction between the large angular

and subangular boulders which are seen chiefly on the surface, and those

smaller and well-glaciated boulders which are found imbedded in the Lower
Boulder-clay at comparatively low levels.

Among the Arenig felstone boulders, which arc so remarkable for size,

for the unexpected routes thej^ have taken, or for the distances they have

travelled, as to render tliem worthy of being preserved, the following may be

mentioned :—(l) The Cefn boulder, a short distance west of Cefn station,

near Euabon, which measures 15 x 14 feet, and at least 10 feet in depth

;

(2) the Maendigwycliyn, or great immovable stone in the village of Eryrys,

near Llanarmon (about 5 miles east of Euthin), which measures 15 x 15 x 12

feet, and is situated about 1130 feet above the sea ; (3) a boulder in a field

near Bryn-Cloddian, north-east of Caerwys railway-station, and a few miles

south-west of Holywell.

The direction of glacial strife on rock surfaces in the eastern part of North

Wales, as well as in the neighbourhood of the Arenig mountain, Corwen, &c.,

in general agrees with the course the boulders have taken. On the summit
of Halkin mountain, in a quarry a short distance west of Holywell, there are

well-defined stria;, indicating the passage of ice from the south-west ; and in

the neighbourhood of Llangollen, especially near Trevor (as lately ascertained

by Mr. Morton, E.G.S.), there are several instances of stria; pointing from

west to east.
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Fourth Report of the Committee, consisting o/Sir John Lubbock^ Bart.,

Prof. Prestwich, Prof. Busk, Prof. T. M'K. Hughes, Prof. W.
Boyd Dawkins, Prof. Miall, Rev. H. W. Crosskey, and Mr. R.

H. Tiddeman, appointed for the purpose of assisting in the Explora-
tion of the Settle Caves [Victoria Cave). Drawn tip by II. H.
TiDDEMAN, Reporter.

The Committee have to report that work has been carried on at the Victoria

Cave throughout the year, with the exception of the interval from the 24th

December, 1875, to January 3rcl, 187G, and that the Settle Local Committee

have expended during the year ending August 13th, 1870, the sum of

.£90 13s. M., besides the grant of oElOO entrusted to them by the British

Association.

A considerable amount of work has been done in the course of the year in

excavating the central chamber A and that wliich lies to the right of it,

called D. These, though formerly separate chambers^ are now seen to form

one large one. They consisted at first of mere spaces between the roof and

the cave deposits, which had not been filled up entirely by the latter, branch-

ing off from one another and merely communicating at the bifurcation.

From the lowering of the deposits by excavation, thej' now form only one

large and long entranee-hall to the remainder of the cavern, and the old

line of demarcation can now only be distinguished on the present ceiling by
the following circumstance. Chamber A cuts higher into the roof than

chamber D, and is marked off from it b)^ a line of joint, along which a thick

bed of limestone has fallen down on to the floor in chamber A, but still forms

the roof of chamber D. This huge block, which extended a distance of about

60 feet, from about Parallel 1-5 to 44, at the extreme end of chamber A, has

given us great trouble in the course of the year, partly from its size, and also

because, being fissured by cracks here and there and lying on a clayey layer,

it was subject to successive slips. Considerable downfalls threatened from

time to time, and these had to be anticipated by quarrying it away. The
large body of laminated clay which has been described in former reports

ended off for the most part against this block towards the north, and must
have been deposited against it. This is the mass of laminated clay which
overlay the bone-beds containing the older mammals Eleplias anfirpius,

Rhinoceros leptorliinns, Hippopotamus, Ilyccna, and others, with Man.
There can be no doubt now, to whatever agents the formation of that inter-

esting deposit be due, that there arc somewhat similar beds also underlying

that Pleistocene bone-bed in places. From about 2 feet Parallel 10 as far as

present workings inwards at Parallel 30 an exceedinglj' dark, tough, waxy
clay lies below that layer. It varies much in thickness, from 7 or 8 feet on

the right or east side of the cavern to lesser dimensions towards the west,

and eventually loses itself amongst large fallen blocks of limestone on the

left.

A thin layer of stalagmite, varying from 8 inches to a mere film, occurs at

the base of the above clay. It is often very fibrous, and in some places it

has a distinctly greenish hue. At the suggestion of the Committee, Dr.

Marshall Watts kindly analyzed it ; and his report is as follows :

—

" The mineral is as neai'ly as possible pxire Calcium Carbonate. It contains

no Phosphoric Acid. Its specific gravity is 2-879 ; that of Calcspar varies

from 2-70 to 2-75, and of Arragonite from 2-92 to 3-28, so that for a non-

crystalline deposit of stalagmite the agreement is sufhciently close.

(Signed) \V. M. Waits."'

i2
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To return to our section. Here and there this stalagmite rises into small

bosses, showing that its existence was mainly owing to the dripping of water

from the roof. It forms a kind of dotted line of demarcation between the

dark clay above and the layer next to be described beneath.

The bed beneath this stalagmite is somewhat like the dark clay above it in

arrangement, but is not of so fine a texture. Its colour is much lighter, a

yellowish brown. It is someM'hat sandy, pi'esents on digging a rougher sec-

tion than the waxy lustre of the dark clay above, and is more clearly lami-

nated, though the laminations in it are wider apart. This clay appears to

follow the upper surfaces of the fallen blocks on which it rests, and is rudely

parallel with them. "We find that as these blocks rise in successive steps

towards the south-west, so this clay rises on them, and covers them con-

tinuously at higher and higher levels.

There is one point about this loM"cr light-brown laminated clay which is

of much interest ; channels appear to have been formed in it. ' HoUow
troughs occur, which may perhaps be due to its subsidence through chinks

in the rocks beneath, or they may have been formed by little streams of

water cutting out channels subsequentlj- to the formation of the main mass
of it. However they were formed, the thin overlying stalagmit* appears to

have made a tliin coating over their walls simultaneously with the like forma-

tion on the flatter surfaces between them. The overlying dark waxy clay,

ou minute examination, is seen to dip into these cavities sometimes at a con-

siderable angle. It is only possible to sec this lamination when the clay is

cut with a clean knife ; the spade obliterates the bedding. This arrange-

ment of the layers at the sides of the trough would seem to point rather to

our first hypothesis of their formation as being the more probable.

It has been suggested in former reports that the laminated clay which lies

above the Hyaiua-bed may possibly be the result of a deposit from glacier

water at the time of the ice -sheet, it being now distinctly proved that the

animals whose bones occur some distance beneath it existed in that district

at a time prior to that cold period. The chief evidences for this last consist

of—( I) the superposition of the boulder-deposits at the entrance of the cave

upon the edges of the bone-bed, and (2) the total removal of the remains of

these animals from the oj^en ground in those particular areas where direct

evidence of the former extension of an ice-sheet exists.

^,Vc must not forget, however, that further south and east the same
animals arc found in the river-gravels under such circumstances as imjDly

that a cold period occurred also previous to their ranging through the country,

the gravels being of later age than certain glacial beds in the south and east

of England. These facts im^jly that the animals whose bones are found in
the lowest known bone-beds in the Victoria Cave lived in this country in

the course of a well-raarked interval between two periods of extreme cold,

and that the earlier left traces of its effects further south than the later. It

is therefore within the limits of possibility that this lower waxy laminated
clay is a representative in time of some of the earlier glacial beds of the
south-east of England. The subject, however, is an extremely wide one,
and our present knowledge of the age and succession of the drifts must
receive many additions before such an hypothesis can be either proved or
disproved.

Bronze Objects.—The Eomano-Celtic layer is probably now completely
eliminated from Chamber A. That portion of the present large entrance-
hall which we used to call Chamber D was apparently never occupied by
the folk who used the bronze articles. Chamber B,'that to the left of
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Chamber A, may still, perhaps, contain some relics of that period ; but Ave

have not worked in that chamber for some years ; our finds of articles of

that age are consequently rare and exceptional. On the i2th of Tebruary,

1876, whilst blasting and removing a portion of the huge fallen mass of lime-

stone already referred to, a bronze harp-shaped fibula was found, in good

preservation, with traces of its iron pin. It was in Parallel 10, 5 feet left

of the datum-line, and at a depth of 9 feet, below a chink in the limestone

block ; and, as Mr. Jackson suggests, there is every probability of its having

fallen down the crack from above. Whether dropped there by one of vhe

cave refugees, or fallen down a crack which had been enlarged by the settle-

ment of the blocks consequent on the explorations, is immaterial. It was

certainly far below its natural level, and the block of limestone beneath which

it was found extended up to the Eomano-Celtic floor.

Another object in bronze was found during the year upon the old upper

tip. It is in the form of an ovate leaf, with a broad midrib and rude vein-

ing ; the apex of the leaf is broken off. Where the leaf-stalk would be is

a quadrate expansion pierced with a rivet-hole. It is 1-5 inch long and

I'l inch broad, and cui-ved in the direction of its length.

Animal Remains.—Professor Busk has again kindly examined the bones,

and given their determination in a register. He remarks :
—

" As usual, the collection is chiefly interesting on account of the large pro-

portion of Ursine remains, some of which, as you Avill perceive, I am inclined

to assign to Ursus spela:us ; but most belong to the ferox type, whilst some few

could not be well distinguished from Vrsus arctos. Some of the bones arc

remarkably perfect, and have the same polish as that already recorded. The

only addition to the former fauna, if I remember rightly, is Mustela martes.

There is also a remarkably small fox, but not Canis lagopus.

(Signed) G. Btjsk."

Amongst the remains returned by Prof. Busk is a lower jaw of Weasel.

This was found in the Lower Cave-earth, beneath the boiilders ; so that that

is another addition, besides the Marten, to our list of animals from the early

Pleistocene layer.

In speaking of the animals found, the place of honour necessarily falls to

the Hycena—not by reason of the number of his remains discovered, but because

to him we are indebted for by far the larger number of bones of other animals

introduced. It is, indeed, singular to note that, notwithstanding the abun-

dant evidence of his presence, from the characteristically gnawed and cracked

bones of other animals, we have hardly any remains of him this year except

teeth. There can, indeed, be scarcely a doubt that a dead hyrena was as

acceptable to his survivors as the carcass of any other beast.

Of Bear we have found a fine series of tusks. We have already given

Prof. Busk's remarks upon them. A very large humerus, which he attri-

butes to the Grisly Bear, was found in Parallel 21, at a depth of 12 feet.

From the way in which its proximal extremity has been gnawed off, and

some of its more prominent ridges removed, there can be no doubt that it

was coexistent with Hy.xna. Some remains of very young Bears have been

found—so young, indeed, as to make it doubtful whether they ever had an

independent existence.

Of Bhinoeevos we have a femur, found in Parallel 30, at a depth of 7 ft. 6 in.

It has been gnawed, as such bones always are, by the Hyajna, and to the usual

extent. Several exceedingly fine teeth of Rhinoceros have been found since

the bones were submitted to Prof. Busk, and their determination must be for

the present postponed, A lower premolar 4 of Rhinoceros, which was the
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first of that animal found in the cave, together with the human fibula, and
hitherto supi3osed to ho B. tichorinus, is now considered by Prof. Busk to be

H. leptorhinus.

Of Deer found this year we have several. One is a base of an antler with

brow-tine (Cervus tarandus), but the species is marked as doiibtful; another

tine is doubtfully referred to C. elaplius ; another is a fragment of a very

large antler, and no species is assigned to it ; also there is a patella of a very

large deer, which was near the surface.

Of Gout several remains have been found; and it would almost seem pos-

sible, from the depth to which some of them occur, that this animal may have
existed in Britain at an earlier age than has usually been assigned to it ; but

we cannot put forward this idea confidently without further confirmation.

One humerus of an exceedingly small Goat has cuts upon it which are evi-

dently human worknifinship ; but there are circumstances which render it

desirable to reserve any further remarks upon it to a future occasion.

In our last year's report we called attention to the existence in the Victoria

Cave of a " fauna which we may confidently assign to a cold climate, separated

in some parts, by an accumulation of deposits 12 feet or more in thickness,

from an earlier one, which is equally characteristic of high temperatures

;

whereas in another part of the cave not far oft', where the material to separate

them is wanting, we have animals from icy and tropical countries inter-

mingled in a confusion which would be puzzling did we not get the clue hard

by." AVe remarked that it was evident that the separation was natural and
regular, the mixture abnormal and accidental. "As distinguished from the

lower bed, the chief characteristics of the upper were the presence of the llein-

deer, and the absence of Elephant, Ehinoccros, Hippopotamus, and Hyaena."

Tliese remarks were made solely on the evidence which passed through your

present reporter's hands since he undertook to conduct the ex2)loration of the

cavern. Prof. W. Boyd Dawkins has kindly written to remind us that Rein-
deer was found in the lower cave-earth, below the laminated clay, when he

had charge of the explorations, and he has no doubt that it was dragged in

by Hyffinas. The Hyaena-bed at that spot, viz. the mouth of the cavern, was
at a depth of 16 feet below the laminated clay ; and your reporter had an
impression that the Reindeer-remains occurred at some height above the

Hyiena-bed. Be that as it may. Prof. Dawkins's ojnnion is entitled to great

weight, and is, indeed, the view generally held. At the same time, consider-

ing that Hyaena and Reindeer are not uncommonly found together in caves,

when, as in this case, we see them mixed together at one or both ends of a

section but separated through an interval of 70 feet in length by a thickness

of deposits, we may regard the fact as at least an interesting one, and, when
found, noteworthy.

Tlie excavations still throw light upon how the Cave was formed. As far

as we have yet worked at the present level, the right wall of tlie cave is seen

to have been hollowed out by streams. Several grooves occur, indicating

water-levels ; but, except quite at the entrance, we have not got down to the

ancient floor. We are ah'cady working in deposits Avhich are probably of

greater age than the older Thames gravels. The river is now running
900 feet below us. What earlier records wc may disentomb wc cannot tell

;

we must work on and wait.
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Report on Observations of Luminous Meteors during the year 1875-76,

bi/ a Committee, consisting 0/ James Glaisher, F.R.S., R. P. Gkkg,

F.G.S., F.R.A.S., C. BiiooKE, F.R.S., Prof. G. Fokises, F.K.S.E.,

Walter Flight, D.Sc, F.G.S., and Prof. A, S, Hebschel,

M.A., F.R.A.S,
[Plate IV.]

The principal subjects of discussion in the present Eeport are, as they have

been in former years, the descriptions of meteors and meteor-showers of

whicli the Committee has received information during the interval of a year

which has elapsed since the presentation of the last Report.

Of such materials a large supply has as usual been contributed to, or has

been sought for by, the Committee. Most of the appearances described are

fireballs of an occasional character, some of which have given rise to a good

deal of remark and scientific discussion in the public journals of the day,

both from the exceptional character of brightness and from the quick re-

petitions of their occurrence.

Large fireballs were seen on the 3rd, 7th, and 14th of September last,

which were observed over such a considerable extent of country as to allow

of their real heights and paths to be calculated with a somewhat unusual

degree of accuracy. The paths of these meteors were calculated by Captain

G. L. Tupman, of the Eoyal Observatory, Greenwich ; aud very satisfactory

conclusions were arrived at as to the proljable meteor-showers or systems to

which these large fireballs, two of which were detonating, appear pretty

certainly to have belonged.

Other instances have occurred where bright fireballs have been seen at

several points in England sufficiently far apart, and have been observed with

sufficient accuracy to lead to definite although not generally more than very

rough determinations of their actual heights, velocities, and directions. One
of the largest of these bolides was seen in bright sunshine on the 22nd of

December, 1875 ; another of great brilliancy was noticed on the evening of

July 25th, 1876 : of these meteors, as only a few well-recorded descriptions

were obtained, the probable real paths are only generally indicated, or have

only hitherto been provisionally computed. Meteors of this conspicuous cha-

racter appeared also on the 16th of August, 1875, aud on the 15th of April,

llth,13th, loth, and21st ofAugust in the present year. Some heights of shoot-

ing-stars observed in the August shower in 1874, and described in the Cata-

logue of last year's Eeport, are deduced from the observations, and are hero

presented as completely as the accuracy of the observations would permit.

The occurrences of meteor-showers during the past year have been very

slight and ill-defined, with the exception of the August-shower displays of

1875 and of the present year. The present year's recurrence of the August

shower was, however, less plentiful than has been visible for several years

past, and has amounted to a real minimum of intensity of its annual appa-

ritions.

A new general catalogue of meteor radiaut-points, with an accompanying

key-map, compiled diulng the past year by Mr. Greg, appears in the Eeport,

and a valuable contribution of reviews of the past year's records and exami-

nations of aerolites (of which the many remarkable occurrences continue to

increase in scientific importance year by year), by Dr. Flight, concludes its

pages. One of the most interesting of such events, it will be recollected, took

place this year in England, when a mass of iron weighing 7| lbs. fell at

Eowton, near the Wrekin ; and this, it may be observed, is only the seventh

instance where a mass of metallic iron of meteoric origin, or an aerosiderite,

has actually been seen to fall. This event took place in Shropshire, at 20

minutes to 4 o'clock p.m., on April 20, 1876.
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OBSERVATIONS

IN 1875-76, AND IN

Place of
Hour

I
Date. G. M.T. (orl ,,, ,.

1 w \ I

Observation,
local tunc).!

1871.

Aug.ll

1873.

.Mavl4

Apparent Size. I Colour. Duration.
Position or

Apparent Path.

h m s
I

12 33 a.tn.lNeavTroubridgc, f.arge meteor
Salop. i

I

3 5 a.m.

1874.1

Aug.lOilO 15 30
p.m.

10,10 10 p.m

About as large as Wbite About 3 or

I

the planet Venus seconds.
\ ^vhen most bril-'

' liant. ;

I

Sept. 6

13

N'cv.lO

11

1875.

Feb. 4

.M.1V ] C

8 40 p.m

8 53 30
p.m.

11 30
p.m.

9 44 p.m,

9 30 p.m,

8 40 p.m.

Lynton,!s'. Devon Very bright meteor

[Perhaps the same
as that seen!

at CardifT and
Bristol at 12''

22'" to 23™
A.M. See these

Reports for

1872, p. 81.]
4 'First appeared a

little eastward

of the moon
(then in the

S.S.W.), and
passing a little

below it dis-

appeared to

the westward
of that lumi-

nary at about
15° above the

horizon.

Position of the

streak

From 337^° + 5°

to 331 +3

Radcliffe Ob-
servatory,

Oxford.
I

Bristol 1=; Jupiter

Crediton, Devon = Jupiter

As bright as Venus

Rapid

Bristol

.

Brighter than

Venus,
IVcrv slow

Ibid,

.Melrose, Scot-

land.

GreenhitliCjlvent

= Venus

Brilliant meteor ,

I

About=Venus ...Tied

Slow

i'rom y to (S An-
dromeda?.

«= S=
From 275° -f 20^

to 255 -12
Passed between

/3 and y Oplii-

uchi.

From 15° above the

hori/.on to i Urs.T

Majoris.

«= S=
From 43° +30°

to 7 -4
«= d=

From 31°- G°

to 24 -13
[Travelling north..

About 6 or

seconds.
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()F LARGE METEORS

SOME EARLIER YEARS.

Length of

Path.
Direction or Radiant-point. Appearance, Remarks, &c.

Observer

or Reference.

A very brilliant meteor ; lighted

up the country. Seen after

two hours observations of the

August meteors on the \Yreldn

iim.

G. T. Ryves.

Communicated by
G. J. Symons.

Descended at an angle of about Died gradually out, and left no ^ F. V. Jacques

40°, from S.E. to N.W. visible tail or sparks—perhaps

from the brightness of tlic

moon, which was shining wit!

great splendour.

Communicated by
W. F. Denning.

[The recorded courses of thisi Illuminated all objects wiih

meteor and of llie next are

not reconcilable with each

other.] I

S. J. Johnson.
Communicated by
W. F. Denning.

I

'

ij" ; long patli

a flash like that of light-

ning. On looking upwards,

1 saw the streak as stated,

which remained visible eight

I
seconds.

[The meteor seemed to burst at /3 J. Lucas.

j

Andromedai. [Identical wiih| ' Radcliffe Observa-

! tlielastmeteor: W.F.Denning.]; tions,' vol. for 1872.

Directed from y Lyrtc 'Left a streak almost vertical in W. F. Denning.

S.W. for a second.

.(7° Radiant Fj

Very bright ; left no streak 'S. J. Johnson.
Communicated bv

!
W. F. Denning.

Left a long train for 3 seconds ...:W. F. Denning.

9° 'Radiant the Ilyades, or « Au-Only the end of the flight ob- Id

ngae.

Its visible From west to east

course e\- i

tended half

across the

sky.

served ; no visible streak.

Falling stars on February 4th at, Communicated by G. J.

G'' A.M.
I

Symons.

Nucleus with a continuous tail, Extract from a News-
and pieces dropping from it at

intervals. A faint vapour ap-

peared to precede it, falling

back upon it as it sailed along.

A large and fine meteor.

pa))fr; coramunicaterl

by W. F. Denning. !
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Date.

Hour
G. M. T. (or

local time)

1875. h m
June 2 About

10 30 p.ni

Place of

Observation.
Apparent Size. Colour. Duration.

Wolverhampton Large

Position or

Apparent Path.

7| 2 15 a.m. Melrose, Scot- | Brilliant meteor ,

1 land.

25ill 20 p.m. 'Cambridge .

About 7 or 8 Its course was
seconds. nearly

east.

south*

July 7 10 54 p.m. Bristol.

8,12 2 a.m. Ibid. .

Fine meteor.

= Jupiter. ...

= Venus ....

Aug. 1 9 25 p.m.. Ibid = Jupiter.

8 10 10 p.m. 'Ibid About=Venus
I

I

I

16 10 20 p.m.jThe Garden Cliff, Large meteor .,

near St. Agues.

Cornwall.
i

White, like

I

burning

magnesium.

Sept. 2| 9 22 p.m. Regent's Park, Large and brilliant Rather ruddy.
London.

?.; 9 52 p.m,

4 .\bout

I

8 45 p.m.

10 p.m,

Rapid

Several

seconds.

In the north

Passed just under
Cassiopeia.

Shot towards the

sword-hand of

Perseus.

From 126° -4-53°

to 125 -f46
Shot across or near

K Pegasi.

From a point in the

S.E. to a little N.
of E. ; but a few
degrees above

j

the neighbouring

I

hills of Peuhall's

I

Mine.
Came from about
Corona, its course

ending about 10°

below a, /3 Ursae

Majoris.

RadcIifFe Obser- .\bout3x 5^. [Disk Blue, changingjo seconds. [I'D First apppared just

vatory,Oxford,

[Royal Obser-

vatory, Green-
wich, &c.].

West Dereham...

Bristol

ij, of dazzling

brightness.]

to green.

7 11 21 p.m. Radcliffe Obser
vatory, Oxford,

Ipswich, Kent,

Surrey, Essex,

&c.

Splendid meteor

.

Large fireball ....

or 2 seconds

rapid]

Brighter than Ju-

piter or Venus.
Disk about \ ap-

parent diameter

of the moon.

Blue with red

sparks. Blue
colour of

nucleus very

bright.

west of Saturn.

[Passed between
« and /3, disap

pearing close to

B Aquilae.]

jln the north-west..

In the eastern skv..

Duration 2 or

3 seconds.

(Oxford,

or 7 sees.)

Seven or eight well

observed appa-
rent positions of

its course.
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Length of

Path.
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Date.

Hour
K5.M.T. (or

local time).

1875.

Sep. 1

1

14

U

Place of

Observation.
Apparent Size.

h m s

11 p.m. (Edinburgh,

Burntisland,&c.

Scotland.

8 20 p.ra.i Lynn, Norfolk...

8 27 30
p.m.

Royal Oljserva-

tory, Green-
wich, and in

all parts of

England.

Large meteor. Ex-

tremely blight.

Colour. Duration.

2 seconds.

3 or 4 X Venus

Large disk ; nearly

apparent size of

the full moon.

Pale blue

.

25i 8 25 p.m.

Oct. 4

5

2S

Bath ; About half appa-

rent diameter ol

the moon.

25 8 30 p.m Near Dristol

White or hlu

ish-white

;

tail of some
coloured

sparks.

Various

colours.

II 32 p.m.

10 13 p.m.

Evening ...

Bristol

Xearly half ai)|ia-jWliitc, like

rent diameter of Venus,

the moon.

= Jupiter 1 Bluish

Royal Observa-

tory, Greenwich,

Near Aberdeen,

Scotland.

Mean observed

duration

8 seconds.

Position or

Apparent Path.

Very bright

Very large

Bluish white,

I '5 second .

About 1 sec.

Nov. 15 6 30 a.m. Leicester iVery brilliant Reddish Quick

22 About
10 p.m

Dec. 9

West Dereham.

4 45 p.m. Burnham

Brilliant meteor

Zigzag course a-

crossthe Ila;dula'

in Auriga.

Close above the

E. by N. hori-

zon, which it

did not reach;

before disappear-

ing.

Twelve or fifteen

well - observed

positions of ap-

parent course.

Descended from
not far above
the northern

horizon, as if

with full bright-

ness, to th<-

earth.

Almost due nor;ii,

from altitude

about 40° to

about 30°.

From I to j3 Ceti...

From altitude 4^

N., 08° W. to

altitude 3° N..

78° W.

Shot down to thc'

S.E. horizon andi

disappeared not

far from Spica.

Large meteor
; :fn the south



OBSERVATIONS OP LUMINOUS METEORS. 125

Length of

Path.
Direction or Radiant-point. Appearance, Remarks, &c.

Observer

or Reference.

Loup; course..

Moving northwards

Radiant-point of the projected

tracks, 348^4:0°.

similar accounts

the ' Scotsman.'

Meteor with strong light casting ' Nature,' vol. xii. p. 460,

shadows. Halted and flashed; Sept. 23, 1875 ; other

as if at angles on its course

;

formed a zigzag streak visible

for three or four minutes after-

wards, which disappeared in

form of a ring.

Grew gradually larger until it J. J. Allinson.

disappeared. Followed in 4 or

5 minutes by the next meteor.

[For description of the following

meteor, see Appendix!.]

Nucleus pear-shaped and uui-iThe 'Times,' Sept. IG,

form in brightness, with flick

ering tail of sparks ; faded outl

at disappearance, leaving a

faint white streak. Light of

the meteor intense. Detona-

tion loud at Bradford ; heard

also at Wath and York (?).

Course diagonally downwards Nucleus of oblong shape

from east to west.

Fell obliquely as it passed frc

cast to west.

1 Nucleus followed by a streaming

train ; left no streak.

Nature,' Sept. 23,

1875, &c. (See Ap-
pendix 1. of this Re-

port for the real path

and other particulavs!

of the meteor.)

J. L., Newspaper ac-j

count; communicated

by W. F. Denning. !

II. H. Olver, Id. Id.

\V. F. Denning.

G. L. Tupman. The
'Times,' Oct. 8ih,

1875.

Directed from some point in

! Leo.

In the night of Octobei Communicated by A. S

28th. Like a huge rocket, llerschel

leaving numberless sparks on

its course.

Vivid meteor ; lit up the sky in

spite of the glare of the moon.

\V. S. Franks. The 'As-

tronomical Register,

Jan. 1876.

.lit made two descents, andjCommunicated by G. J

i

flashed off at an acute angle,] Symons.

i -4K:. in the sketch. i

Id.
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Date.

1875.

Dec. 13

22

Hour n, -

G.M.T.(or r,u ?
local time).

Observation.

Ii ni s

10 8 p.m

1 33 p.m.

Bristol

Dorking, Surrey

Apparent Size. Colour. Duration.
Position or

Apparent Path.

= Jupiter.

About ^ dianielei

ol" the moon.

1 38 45
p.m.

22iAbout
1 40 p.m.

Southampton ...

Braughing, near

Ware.

1876.

Jan. 4

23| 8 41 p.m.

9 28 pm.

9 13 p.m.

Feb. 2 8 31 p.m.

4 7 35 p.m,

7 8 54
p.m.

Bristol

Laiae

Large

= Jupiter.

Street, Somerset 2 x Venus

Bristol

Ibiil.

Ibid.

=Venus

: Mars

Very slow ... Passed just undei

(3 Ursae Majoris.

Xot very rapid; In the N.N.W. ...

i apparent diaii.e-

ter of the moon.

Yellowish

green.

1 second

Rather slow...

Very slow

speed.

[Moved very

I
slowly.

Crediton, Devo:; Precisely like the lirccnisjl!

I

planet Venus. I

From W. to N.W.,
disappearing

about 25° above
the N.W. ho
rizon.

Passed across /(

Geminorum,

From 210°+ 72°

to 172 +35

Path observed.

From 64°— 12°

to 60 —30
In the S.S.W,
sky.

From J 75°+31°
to 185 +35
on line from c>

Leonis to Cor
Caroli.

From 74°+4'=
to 50-1

from y Orionis

to a few degrees
below a Ceti.

..._. From /3 to 3° be-

yond 6 Leporis.
1
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Length of

Path.
Direction or Radiant -point. Appearance, Remarks, &c.

Observer
or Reference.

From direction of the moon. Left no streak. On Dec. 19, at

Radiant Geminorura.

From S.S.E. to N.N.W.,
seendinK thus

6'' la"" P.M., an intense flash

I
probably of meteoric origin,

j

seen in a clear sky.

dc-:.\'ucieus an irregular luminous
l)all, with no well-defined disk

like tlie moon ; followed by a

long train of fire : broke up
and disappeared before reach-

ing the horizon.

S.W. to N.E.

Inclined about -10'

VV. F. Denning.
'Astronomical Regis-

ter,' Feb. 1876.

H. J. Powell.

The 'Times' and
Letter to W. F.

Denning.

Seen in full sunshine. Its form F. \V. The ' Times.'
like a common rocket.

to the ho- Shaped
left a

• Directed from Polaris.

j

diant in Draco (about x Dra

: conis?).

ke a pear or a kite
;

faint white streak for

two or three seconds, an(i

disappeared without exploding.

Seen in bright sunlight. No
detonation heard. The ap-

parent lengtli and incHn.i-

tion of the path were ap-

proximately measured with a

rod.

Ra-;Left no streak

18° Radiant AGj

\
Short path ...'Radiant-point in Leo .

Cast a strong light. Disappeared
behind a cloud.

Seen through clouds. Left no
visible train. (Radiant proba-

bly just north of a Tauri).

Left no streak. This meteor and
the next proceeded from the

same radiant-point in Leo.

Slightly descending from left Nucleus globular ; left no train,

to right. Radiant in Leo.

Shot downwards. .'Seen on looking away from the

j

planet Venus.

E. Daw.
(See also Appendix I

for description of the

same meteor by Mr.
Webb.)

W. F. Denning.

J. E. Clark.

\V. F. Denning.

Id.

Id.

J. Johnson.
' Astron. Register,'

Jane 1876, p. 141.
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Long path ...'Radiant at a Persei j Left no streak. Seen by F. Den-
ning ; the recorded path from
description.

,
A fireball recorded in the watch

for meteors kept at the Ob-
servatory of the Luxembourg
in March 1876. Mean hourly

number of meteors for the

month 2'1 ; ordinary average

for the month 5-6.

Directed from between Procyon Pear-shaped nucleus, emitting ^^'^- F- Denning,
'
~

faint sparks as it rolled along;

left no streak.

\V. F. Denning.

Chapelas Coulvier Gra-

vier. ' Comptes
Rendns,' vol. Ixxxii.

p. 924.

A beautiful meteor; seen in the ^- Humphrey,

western twilight. !

I

Detonating; burst with a loud (See Appendix IL,

report. Large Meteors.)

2G-

21
'

; Radiant in Aquarius

Id.

Very fine meteor ; left sparks and W. F. Denning,

a train.

Left a bright train for 2 seconds

Radiant in Cassiopeia ILeft no streak.

, 'Train. [Identical with the last

I meteor.]

Id.

[d.

J. Lucas.

.At first small, and appeared to be Jolin Lane.

I
getting red-hot; then burst

j

Communicated by

j

forth with a vivid green flarae,| W. F. Denning.
^

which continued to near tlie

I

end of its path, when it seemed

]
to be burned out and disap-

I
peared.

(See also Appendix
II., Large Meteors.

>

i87(ir
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Date.

I

1876.

t/uly25

Hour Til e

G.M.T.(or cl f
local time)J

Observation.

25

h m
About
10 p.m.

Near Maiden-
head, Bucks.

10 2 p.m. Ikistol

23 10 5 p.m. Edgeware Road,
London.

Apparent Size.

Large meteor

Colour. Duration.

Vivid green,

like an arti-

ficial light

rather than

a natural

shooting-

star.

Position or

Apparent Path.

Very large

Large apparent disk

25 10 7 p.m. Street, near Glas-'4X 3^

tonbury,Somer-|

setshire.

25iAhout Ilersham, Surrey Large meteor
10 12 p.m.i

'
>

31

'Aug. 4

Vivi<l emerald- More than five

green ; train seconds
;

of fiery red.

Blue' or
' green ' (two
observers).

9 43 p.m

17 p.m.

12 p.m. Bristol

llristol i = Sirius

In the northeri

sky near thi

Great Bear.

Passed from eas

to north at

altitude [?] abovi

the horizon abou
the same as tha

of the plane

Jupiter at 9 p.m

From the constel

lation of Aquili

[?] through tha

of Hercules [?]

curi'ed slightl;

downwards,pass
ing a few degree
under, and dis

appearing a littli

nortliward o
.A.rcturus.

From about 270'

-10° to 5'

-f53° (nearly

view of the star;

near its coursi

obstructed b;

clouds).

Speed of ap- Passed close unde
parent mo-j Arcturus, as i|

tion very] the sketch.

leisurely.

leisurely

speed.

.\.bout 5 or C

seconds.

Glasgow ....iN'ot very large or

brilliant.

10 39 p.m, RadcliflFe Obser-

vatory, O.xford.

Rather fast

4 seconds.

= ¥ :

= lst mng.t !Red 1 second

I

From 284°+ 10°

to 286 -10
\}

I'assed over thi

south side o

Glasgow.

From
to

Passed
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Length of

Path.
Direction or Radiant-point. Appearance, Remarks, &c.

Observer
or Reference.

From west to east
, Rocket-like ; seen by several pcr-W'. Wayte.

Moved horizontally, thus

sons. [An equally large me
teor, writes the Paris corre

spondent of the ' Echo,' July

21 or 25, had recently been
seen in Paris.—T. Crumplen.]

The meteor burst at the end of

its flight and left a bright train.

[The recorded altitude of its

apparent course disagrees with

that assigned at Street, below,

and with other more distant

observations of the meteor's

track.]

Almost horizontal. [The earlylBody of the fireball a large sphe
part of the meteor's course] rical head tapering away into a

here described differs very

widely from that assigned to

it by other observers in the

neighbourhood of London.]

Nearly 90° ... Almost parallel to the horizon

About 50° ...I Left to right, nearly horizontal

Arctaras *

PutTi ofMttcor 8

!^^° [Radiant Lyra or Draco

From north to south, angle at Like a rocket, with an extra-

ordinarily long tail. Tra-
velled in a zigzag or tre

muloua manner.

tail of fiery-red colour, followed

by a luminous track. Appeared
with sudden brightness, and as

it travelled on collapsed sud
denly with a bright effulgence,

exactly resembling a firework

close at hand

Left a splendid train of frag,

ments redder than the head,

two of which were as bright

as 3rd mag. stars. Disappeared
with a sudden flash.

Sky very clear, and appearance
of the meteor very startling

Its head had the appearance
of being double—thus, the
larger of the two parts above
(but this impression may have
been a deception) :

—

A fine meteor; left no streak

seen througli clouds.

Directed about from
Venaticorum [?].

: Canum

Left a bright train

The 'Times,' Julv28,

1876.

Communicated by W. F
Denning.

K. Ommanney. Letter

to Mr. Glaisher.

Communicated by J. E
Clark.

George Dines. Letter

to Mr. Glaisher.

Train. [Identical with the next
meteor.]

W. F. Denning.

James Thomsoffl,

W. F. Denning.-

J. Lucas.



133 REPORT—187G.

Date.

1876.

Aug. 5

Hour i p. ,

G. M. T. (or; ^,
""^^ °'

1 Apparent Size,

local time).
Observation. I

^^

h m
10 40 p.m.

8 11 57 p.m.

10 About
9 28 p.m.

Colour.

Bristol
:

= 2^'

Duration.

Rather swift..

10 About
9 51 p.m.

Ibid.

Ibid.

Ibid.

=n- Xot very swift

= V-.

10 About

I

8 30 p.m.

i(localtime.)

Very large meteor

;

2X ?.

Off New York. Like a planet, or
Long, about

54V W., Lat.

about 42|° N.

Bristol Nearly = 11

brigliter.

1112 59 a.m,

1110 38 p.m.'Bristol =y.

11 About
11 15 p.m.

Cardiff, Souili i Large and brijjht

Wales.

I

llAbont Clifton (and Very large meteor

.

11 20 p.m. I Bristol).
i

Rather rapid..

Position or

Apparent Path.

From Z Ursa^

Majoris to t]

Bootis (199°
I

+ 54° to 207°;

+ 19°).
I

From 6° + 25°
|

to 356° + 39°,1

just to left

of « Andre-
medae.

a= ? =
From 53°+ 79°

to 214 +74
From 85° + 78°

to 183 +68
(observed path).

In the west

.

From /3 ArietU to

2° below the

moon, or from
27°+ 20° to 23°

+ 11°.

<r= S=
From 151°+69°

to 170 +53
Burst forth over-

head and travel-

led in a westerly

direction.

A{ parent course

thus, above Ursa
Major. (From
slightly below
Polaris towards
the W.S.W. ho-

rizon.— Another
description.)
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^^"S'l^ of J Direction or Radiant-point.
[

Appearance, Remarks, &c.
rath. '

35° :Radiant in Perseus or Cassio-

peia.

16" Moved upwards

A splendid meteor

Observer

or Reference.

27<=

Left a briglit train

Left a briglit train for 2 seconds.

Left a short bright train at

I 150=-t-78° visible for 5i mi-

}

nutcs, and drifting thence to

j

183° + 7°.

to S., in a line nearly paral-;From 8^ 15™, eight meteors seen

;

jel to the horizon. 9^ to 10", 14 meteors ;
10"

to 10" 30'", 3 meteors. On
the nth, 8>> 45" to 9'', 8 me-
teors; 9*" to lO", 8 meteors

seen. Aug. 12th, 8'' 30-" to

10", only 2 meteors. Sky
quite clear most of the time of

observation.

W. F. Denning.

(d.

Id.

Id.

Communicated bv J.

Clark.

E.!

10= \V. F. Denning.

19' illadiant in Cassiopeia

I'erseid.

Very fine meteor ; left a streak. Id.

Rocket-like ; caused a brilliaut'C. J.

flash of light, and left a vividi (' Western Daily

streak on about 10° of itsj Times.')

course, which remained visiljlcj

several minutes.

Extremely bright, like vivid light-

ning, even in the strong moon-
light. Left a broad bright train

visible for fully a minute. (Nu-

cleus round or oval. Keynish,

near Bristol : another, rather'

smaller, visible ten minutes'

later. See Appendix II., Large!

Meteors.)
|

Communicated by W. F.

Denning, from ac-

counts by G.F.Burder,

Clifton (and by other

observers near Bris-

tol).
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Date.

Hour
G. M. T. (or

local time).

Place of

Observation.
Apparent Size. Colour. Duration.

Position or

Apparent Path.

1876.

Aug. 11

h m s

11 21 p.m.|Sunderland,

i
Durham.

Large and bright.,.

11 11 22 30
p.m.

Crediton, North
Devon.

Fully as bright as

Venus appears at

her brightest.

White. Streali

red above,

yellow at

lowest

point.

Greenish

white.

11 About ;\Vrittle, near

11 21 p.m ' Chelmsford,

Essex.

13

I''

15

Much brighter than
Venus.

I

9 27 p.m. Radeliffe Obser- Large meteor
vatory, Oxford.

9 27 p.m. Buntingford,

I Herts.

15

About
9 20 p.m.

Bristol

= ?.

U least as bright

j

as Venus appears

I

at its maximum.

Point of disappear-

ance a— S=
28r-21^°

First appeared be-

tween the con-

stellations Per-

seus and Ursa
Major. From
10 {(3; rfjBode)

Camelopardi,

halfway towards
a Ursa; Majoris

First appeared

about 6° north,

preceding • Co-
ronae ; passed be^

tween that star

and 6 Bootis,

and died out

few degrees S.W.
of a Coronae.

Starring - point

near a Cassio-

peia. End of

course hidden
by the Tower
of the Obser-

vatory.

At least 2 sees. Passed close to

Moderate a Cygni.

speed.
j
About «= S=
from 30<'-f67°
to 305 -1-37

Slow motion.

9 30 p.m Radeliffe Obser- 3 or 4 X Jupiter
vatory, Oxford.

Blue to green..U seconds

First seen slightly

above Arcturus

;

disappeared un
der the star

group of Comae
Berenices, on
the N.W. hori-

zon ; descending
obliquely.

From «, passing

jj Bobtis, to a

point on the

horizon in a

line with j/

Ursae Majoris

and a Canum
Venaticorum.
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Length of

Path.
Direction or Radiant-point,

(Terminal part'Directed from ij Aquilae.

2° or 3°.)

Form of the streak

:

Coratitu/

«

Shot southwards.

33°

Appearance, Remarks, &c.
Observer

or Reference.

Not a Perseid; radiant appa

rently in Aquila.

End of course only seen, dis- T. W. Backhouse,

appearing behind trees, with

a strong glow extending many
degrees round. Streak 2°

long left for three seconds,

1° or 2° above the point of

disappearance.

Left a streak visible for 50 se-

conds, which became curved

hke a reaping-hook before

disappearing. Also seen at

Lytham (coast of Lancashire),

at ll"" 18"" P.M. ; apparent path

near the zenith and to the

southward.

Meteor like a long pale-green

flash, leaving an orange train

for fully a minute.

Left a long train. [For a descrip

tion of this meteor's course at

Folkestone, see Appendix IIL,

Periodic Meteor-showers.]

A fine Perseid ; left a streak fo:

5 or 6 seconds. [Identical witli

the last meteor.]

S. J. Johnson.
(' Exeter & Plymouth
Gazette.')

H. Corder.

(' Astronomical Re- I

gister,' Sept. 1876.)
j

Communicated by J.

Lucas.

R. P. Greg.

Nucleus pear-shaped, emittiiigiW. F. Denning,

sparks as it rolled along, buti

leaving no persistent streak

visible in the hazy sky.

J. Lucas.
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Date.
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Length of

Path.
Direction or Radiant-point. I Appearance, Remarks, &c.

Observer

or Reference.

S.W. to N.E.

lOO'-' [The ajiparent course described

only traverses the northern

parts of Libra and Virgo

:

and at the observed time of

appearance the star Regulus,

near which it terminates, wa'^

15° below tlie nortli-west

horizon.]

r.cft a train like that of a rocket

Attention attracted by the

moving shadow of a tree which
it cast on the ground.

Nucleus globular, like a Roman-
candle-ball, leaving no lumi-
nous track.

Newspaper extract.

Communicated bv
W. F. Denning.

J. L. Stothert.

The 'Times,' Aug. 18,

1876.

A-t first it appeared large but'H. de H. Haigh.
not much more brilliant thaii|

an ordinary shooting - starJ

but it rapidly increased in

splendour, changing its colour
and appearance. [For thc

general appearance and for

other descriptions of this fire-

ball, see Appendix If.].

(Ibid.)

Direction of motion exactly Appeared very near, like an arti

I perpendicular downwards, i ficial firework. Jupiter in

{
another part of the sky ap

j
j

peared quite dull in compari-
'

i son with it.

tell vertically Nucleus just before disappearance

j

very elongated
; pear-shaped.

Nucleus with a white luminous
train about 5° in length.

Harold John.
The ' English Me-
chanic,' Sept. 1, 187G.

Richard Verdon.
' Nature,' Ang. 24,

1876.

Paul Robin. Ibid,

V fine bolide, with oval nucleus... Communicated by R. P.

Greg.
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APPENDIX.

I. Meteoes Doubly Observed.

In the list of observations presented with last year's Report, several

exarajjles of meteors doubly observed, chiefly in the August meteor-shower

in 1874, occurred, and the heights and real paths of these meteors have been

calculated. The computed real paths and velocities, and the radiant-points

from which the meteors were directed, are shown in the Table opposite.

It is probable that few observations are sufiiciently trustworthy to give

correct values of the speeds of individual meteors ; but among several

such determinations the average velocity of the Perscids here found may be

regarded as approximately ascertained, and it does not greatly exceed the

value which theory assigns to it. The real path and radiant-point of the

fireball of August 10th, 1874, has been recalculated, as weU as the velocity

from tlie average of two observed durations of its flight ; the calculated speed

is within a mile of the velocity- of a bod}'^ moving in a parabolic orbit from the

direction of the radiant determined by its apparent paths. The latter point

is very near a known radiant-point of a shower to which it may be presumed
that this large fireball belonged, and a marked centre of radiation of

shooting-stars near (^ e Aquarii, duiing the annual shower of Pcrsei'ds, is

thus probably confirmed by this double observation. The recorded tracks of

the fireball at Birmingham and Xewcastle-on-Tyne diverge from a centre

at R.A. .313°, S. Decl. 14°
; and a radiant-point from the 3rd to the 31st of

August is shown by Dr. Schmidt's investigations to be observable at E.A.
306°, S. Decl. 8°. The star e Aquarii (R.A. 310°, 8. Decl. 10°), near this, at

some distance from which several other radiant-points for July and August
are clustered in Aquarius, occupies the extreme west, while the latter radiants

more nearly adjoin a star (Il.A. 333°, S. Decl. 8") which is in the eastern

part of the same constellation *.

In the list of large meteors which accompanies this Report, an observation

of a large fireball on August lOtli, 1875, at lU'' 26"" p.m., near St. Agnes,

Cornwall, is described, of which two other descriptions also appeared in ' The
Times' of August 21st and 25th, showing that the meteor was A^sible over

a very wide area, from Wales to Erittanv in France.

Ty Mawr, Ty Llangelly, near Criekhow"ell ; Mr. H. Ball.—" On August 16th,

at lO"* 26"' P.M., I saw a very bright meteor, which is probably the same as

that seen by your correspondent F.R.S., from St. Agnes, Cornwall. From
this place its position was nearly 5° below and to the right of the full moon,
on a line inclined 4.5° to the horizon."

Redon, Lower Brittany, France'; F.R.G.S.—" It may be worth while
mentioning that the meteor seen in Cornwall and Wales was also seen by
me at Redon, Lower Brittany, at the same time. It was exceedingly bril-

liant, and, as F.R.S. remarked, it much resembled a string of magnesium
beads. The night was singularly clear and the moon very bright, but the

* In the copy of Schmidt's list of radiant-points printed in the vohime of these Eeports
for 1874, p. 321, it should have been observed that the positions to which days as well as
months of duration are assigned are asterisked in the original list as accurately (tlie rest

being less accurately) determined. The radiants near 9 Aquarii in Schmidt's and
Tupman's lists are erroneously quoted in the Monthly Notices of the Royal Astronomical
Society (vol. xxxvi. p. 218) as being the " nearest known "' radiants to the above deecribed
point of emanation of this meteor's real course.
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light of the meteor Avas very striking ; it appeared to luc to be moviug

slowly in a comparatively horizontal course."

The most important instances when duplicate observations of meteors were

collected during the past year, permitting tlio height and direction of the

meteors' real paths to be determined and very accurate results to be obtained,

occurred on the 3rd, 7th, and 14th of September, 1875. It would occupy

too large a space in these Eeports to relate at length the various accounts

that were published of these meteors ; and those which offered the greatest

accuracy of description and position only arc hero extracted from the compa-

rison and reduction of a great many excellent records of their appearance

published by Captain Tupman in the ' Astronomical llegister' for April 1876.

Meteor of September 3rd, 1875, 9'' 52'" p.m.—A meteor ending with a

flash almost as blinding as the sun, seen by G. L. Tupman at the Eoyal

Observatory, Greenwich, with au apparent diameter of about 15' of arc,

falling exactly vertically in 1| or 2 seconds to a point less than 1° below

and rather less than this to tlie loft of k Aquilse, from a distance of some 20°

above that point. It diminished in brightness at first, but disappeared with

a flash at last, having about lialf the moon's apparent diameter, as far as its

brilliancy allowed the eye to estimate apparent dimensions of its disk, and it

appeared globular and left no streak on its course.

This is the description given of it by Captain Tupman, and similar accounts

of its path and appearance were. obtained at other places. At Tedstonc Dcla-

mere Eectory, near YV^orcester, it was visible in the S.E. by S. falling verti-

cally, and also falling vertically at the Eadcliffe Observatory, Oxford, by

Mr.' Lucas ; while at Leighton Buzzard the direction of its path was also

vertically downwards ; and its appearance at all these places was extremely

brilliant'. The radiant-point of this meteor was very nearly in the zenith at

the time of its appearance ; and from the positions of its apparent course

furnished by the diff'creut observers, Captain Tupman concluded approxi-

mately its real course, as will be seen in the annexed Table (p. 144) of the real

paths of this large meteor and of two other brilliant fireballs which appeared

a few days later in the same month*.

The second large meteor generally observed in the southern parts of

England in the first week of the same month appeared at 11'' 21'" p.m.,

September 7th, 1876 ; and eight or nine reliable obsei-vations of its apparoit

course at different places, principally in Kent or Surrey, and Essex, and at

Ipswich and Oxford, were collected and compared together by Captain Tup-

man. Among these are dcsciiptions by the observers at the Royal Observa-

tory, Grreenwich, and at the lladclifte Observatory, Oxford. It appears to

have been of somewhat less splendour than the other two bright fireballs of

which numerous accounts in the beginning of September were obtained ;
but

yet, as seen from Writtlc near Chelmsford, almost immediately below its

real point of disappearance, it M'ill be seen, from Mr. H. Corder's excellent

description of itt which foUows, that its light was sufficient to illuminate all

objects with a bright flash, and that a very distinctly audible detonation

followed its disappearance.
" I did not see it at first, but heard that it rose upwards from the S.W.

* The details of llie various descriptions, and a valuable series of conchisions and

deductions from them, will be found in au article communicated by Captaiu Tupman in

the ' Astronomical Kegister ' for April 1876. The final results of his calculations of

these meteors' real paths are also contained in the number for February, 1876, of the

' Monthly Notices ' of the Astronomical Society, vol. xxxvi. p. 216.

t ' Astronomical Register' for October 1875, vol. xii. p. 246.
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[? S.E.], bursting like a skyrocket into a number of pieces, then fading away
and bursting out again. At first it was of a blue colour. It was sufficiently

brilliant to light up the country. When I saw it it had just passed above

a Andromedse, and was of a decided mauve tint and double. It rushed along

at a great speed, with an unsteady flickering light of great brilliancy, and

disappeared near the cluster [j^] in Perseus. It left no train, but was followed

by a few sparks. One minute and three quarters after disruption I heard a

double explosion like the firing of a double-barrelled gun at a distance, fol-

lowed for about 15 seconds by a roUing sound like distant thunder. I also

heard that on the Friday previous (the 3rd of September) a bright meteor was
seen, just befoi-e 10 p.m., bursting into several red sparks. It went about in

a direction N. to S.''

Another well-described account of the magnitude and appearance of the

bolide of September 7th is that of Mr. W. A. Schultz, who saw it at

Lewisham (near London), Kent, and writes that it appeared to be three

times the apparent size of the planet Jupiter, of bluish-white colour,

leaving a fine train. The nucleus was of extreme brilliancy, and emitted

magnificent blue and red sparks. Its duration was 1^ second. From Mr.
Corder's account near Chelmsford it appears that the fireball detonated, or

broke up and disappeared with an audible explosion, the sound of which
occupied 1| minute in reaching his position. This being, according to the

calculated real place of the meteor at disappearance (21 miles above a point

near Wilham in Essex), about 2i5 miles distant from his place of observation

(a distance which sound takes 1™ 50'' to travel at its ordinary speed in air),

it affords a satisfactory' ground for the conclusion that this fii-eball, although

not so brilliant as that which preceded it on September 3rd, was yet certainly

of the detonating or " aerolitic " class, which was also the character of the

fireball of 14th September, to be next described.

This was one of the largest meteors which has been visible in England
for several years ; and numerous notices of it were published in the daily

newspapers, in addition to which several private accounts of its appearance
were collected by the Committee, and more particularly by Captain Tupman,
who himself observed the meteor, and who has compared together all the

available descriptions. Omitting details of the apparent positions of the

meteor's path by the stars, which have been recorded and carefully reduced
by Captain Tupman in the above-mentioned communication in the ' Astro-
nomical Ilegister," the following are some of the particulars recorded at

diff'erent places of the meteor's brightness and general appearance.

IS'ear the Iloyal Observatory, Greenwich, Sept. 14th, 8" 27^'", G.M.T.,
Captain Tupman states:—"The fireball was very bright, but of ordinary

appearance, three or four times brighter than Venus ; long train ; left no
streak ; colour white ; motion slow and stately. I estimated the duration at

two seconds, perhaps more ; but I did not count. Lieut. Neate, R.N"., saw
it from the Observatory grounds, but lost it behind a roof at mid course,

after seeing it for two seconds. Colour deep yellow, with red lower edge.

Time 8.27 p.m."

Train Inn Station, near Hereford, S'' 30'" p.m.—The Eev. T. J. Smith
describes the colour as a beautiful greenish blue of intense brightness, even
in the strong moonlight. The train narrow and straight, of red sparks,

which continued longer than the light of the head. It aj^peared to extin-

guish without any detonation.

Near Wisbech, Mr. S. H. Miller writes :—" I was driving towards the

west, and the moon shining brightly in a cloudless sky, when my attention
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was attracted towards the north by the bright light of this beautiful meteor.
At first it was as large as Venus thi-ee times magnified, and of a blue colour.

In about a second it passed into the pear-shape, leaving a thin streak behind
it. [The appearance of a fireball seen at Wisbech on March 4th, 1872 (see

these lleports for 1872, p. 76), "like a drop of molten silver," is here referred

to by Mr. Miller as exactly resembling the aspect which this fireball assumed
at its greatest brightness.] In another second it diminished to the size of

a star of third magnitude and appeared yellow. There was no explosion,

but it disappeared about 15° from the horizon."'

Other ||descriptions at Teignmouth, Wath near Eotherham, Halstead in

Essex, Faringdon in Berks, York, Ludlow, Bath, Cambridge, and Manchester
agree in describing the luminous appearance of sparks, corruscations, and light

flakes accompanying the meteor as confined to a short flaming and flickering

tail, sometimes divided, following the head, somewhat redder than the fore-

most brightest part, which had an apparent width of i or |, while the whole
apparent length of the oval disk of the meteor was fully equal to or some-
what surpassed one lunar diameter, and the nucleus collapsed on nearing
the horizon without any signs of an explosion. Some portions of the train

of sparks appear to have been of more persistency than the rest, as an observer
at Sudbury, Sufi'olk, writes :

—" The shooting-star itself was very large
and bright ; and attached was a long tail, broken at about a third of its length
from the end into dashes and dots of bright colours, leaving a white track
behind for several seconds after the meteor itself had disappeared." The
accounts at other places describe a flame-like tail and sparks following the
head, although not a persistent light-streak left iipon the meteor's course.

An observer at Duxford, near Cambridge, saw not only the meteor but the
sparks also througJi an ordinary white calico window-blind, which was cloiun

at the time.

As regards the meteor's brightness, its light at some points of observation
fully equalled and perhaps surpassed the intensity of full moonlight. In a
letter to Mr. Glaisher, an observer at St. Ives, Hunts, Mr. J. King "Watts,

relates that the meteor " started into view from Ursa Major immediately
opposite the moon ; it travelled slowly, was of the most intense bright white
light, round, and five or six times the size of any of the planets. The sky
was clear and cloudless. "VVe were travelling between the moon and the
meteor, and our shadows on the road caused by the moon were of course
large and clear, but those caused by the meteor were more clear and more
sharply defined." A notice of no less interest and importance (but with which
no name and locality were given) appeared in the ' Northumberland Daily
Express,' affording good proof of the intensity and duration of the meteor's
light. " There was a tree in the passage ; and suddenly I found myself sur-
rounded by a wonderfully bright light, and the shadow of the tree was cast
on the wall on my left, every leaf and twig more distinctly than in the sun-
shine." Believing the light to proceed from a window in the house, and per-
ceiving it to come from beyond the house, the observer stepped back a few
paces to the corner, and was just in time to see a most brilliant meteor de-
scending towards the earth. " It did not burst or explode in any way, but
gradually diminished till it became extinct." The glare of the meteor's light
on the ground, already strongly lighted up by the moon, attracted Mr. J. AV.
Proctor's attention to it when driving north-westwards from Grimstone
towards York ; and an observer near Carlisle, driving southwards to that
town from Longtown, describes the meteor's appearance thus:—" At 8'' 2.5™ a
meteor of most dazzling brightness caught my eye. I saw it first apparently in
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close proximity to the full moon, -which hy the side of the meteor appeared

quite pale. In colour it was not xiulike a Roman candle [white or blue].

It moved very slowly through the sky, in a direction westwards and down-
wards." [The direction assumed in the calculations is towards the point iv**

or 20™ indicated by the hands of a clock, having the moon at the centre of

the dial.]

The earth-point of this meteor, as concluded from the observations by Cap-

tain Tupman, or the place where the meteor's real path prolonged would
have reached the ground, is in the neighbourhood of Sedburgh, a town in the

extreme north-west part of Yorkshire, and not far south-south-eastwards

from Carlisle. The point of disappearance was at a height of only 13 or Id-

miles above the earth's surface, not far from Pately Bridge, West Eiding,

Yorkshire. The distance of this latter point from Wath, near Eotherham,

is about 47 miles, which sound Avould traverse, with its ordinary speed in air,

in about 3'" 47*. Mr. W. M. Burman, who saw and describes the meteor as it

appeared at this place, heard a detonation which, from its close agreement

with the calculated time required by the sound of the meteor's disruption at

disappearance to reach him, was probably a distinctly audible sound of its

explosion. He writes:—"The magnificent meteor of Tuesday night, Sept.

14th, was well seen here in a cloudless sky at S"" 26"" G.M.T. I was walk-

ing, and the full moon was throwing my shadow on the wall on my right,

when suddenly a dazzling light shone around, and my shadow vanished from
the wall. Upon looking up, I saw this magnificent meteor slowly careering

across the sky, quite overpowering the light of the moon. It passed nearly

overhead, and disappeared in the N.W. by W. It was of a half-moon shape,

the preceding part being convex and sharp, the following part flame-like and
flickering, and of a brilliant bluish-white colour. No red tinge was seen

from first to last, nor train, nor sparks. Its diameter was about half that

of the moon. In that dazzling light it was impossible to see any star ; but
soon after it had passed I tried to make out its path*. Its total visibility

was about 6 seconds ; but I only saw it during 4 or 4| seconds, as it wect
behind the roof of an adjacent house; but a friend (who saw the end of its

course from a neighbouring place) says that it simply disappeared, no sparks

being visible, nor any change of colour. Three and a half minutes after it

disappeared I heard a sharp and sudden explosion, like the report of a small

cannon at a distance, exactly from the direction that the meteor had taken
;

but whether it had any thing to do with the meteor or not I cannot tell."

Mr. Burman adds that " the rumbling of a distant train prevented me from
hearing any sound during the passage of the meteor, if any such were
audible; " and it was, in fact, remarked by several who described the meteor,

that while it was in sight a rushing or hissing sound accompanied its pas-

sage through the air. Passing over these descriptions as impressions of very
doubtful positive reality, the case of such a sound recorded at York by Mr.
Proctor may perhaps be explained as due to a real detonation, of which he
gives the following description at that place:—"I have some impression that

it Avas accompanied or followed by a rushing sound, and a friend of mine
thought the same, but amounting to an explosion at a great distance." In
a note of some length in ' Nature ' (vol. xii. p. 460) on large meteors in the

* Mr. Burnian's positiou, so nearly under the brigLtest portion of the meteor's track,

may have led to its extreme brightness biding and OTerpowering the sparks and duller
fragments which, at more distant stations, are said to hare attended and followed tho
meteor in some part of its course as a train of redder colour than the head.
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early part of September, 1875, particulars of the appearance of that of

September 14th as seen at Bradford are extracted from the ' Bradford Ob-
server' of September 15th, where it is related that "to a spectator it bore

the appearance of some solid body in a state of combustion, the sparks flying

out on all sides, and a track of flame being left after its passage. Its passage

was accompanied by a noise as of a loud explosion, which was plainly heard,

not only by those who were outside, but by persons inside the houses who
did not see the aerolite itself. All parties concur in saying that so strong a

light was cast around that a newspaper could easily be read for the space of

half a minuto."

It should be remarked as a curious coincidence, not unfrequently recorded

in the accounts of large meteors, that a companion fireball of the brilliant

meteor of September 14th was noticed by one observer of its appearance, Mr.

J. J. Allinson, at Lynn, Norfolk, states that " at 8** 20™ p.m., the moon
shining brilliantly in a cloudless and clear sky, I saw very low down in the

eastern heavens a bright meteor of a bluish colour, three or four times the

size and two or three times the brightness of Venus at her largest and
brightest. The bearing was about E. by N., and it seemed moving in a

northerly direction, but, by its getting larger, to be approaching the spot

where I was standing. I should say it disappeared before reaching the

horizon. [There is little doubt. Captain Tupman observes, that this meteor

belonged to the same meteor-system as the much larger companion fireball

by which it was shortly followed.] About 4 or 5 minutes afterwards, whilst

looking in a south-westerly direction, I was attracted by a bright light in the

north-western sky, and on looking towards that quarter observed a most
splendid meteor, about the size and colour of the first, but much more
brilliant, descending from near the last star [>;] in the tail of the Great Bear

in an almost vertical, but I should say somewhat irregular course." Of the

former of these two fireballs no corresponding observations (as it must have

been seen over distant parts of the North Sea or over Belgium) from other places

have hitherto been obtained ; but from its central position over the midland

and northern counties of England, observations of the second extremely bright

meteor of the pair were recorded abundantly at all stations throughout the

country, as has been described, from its interest and importance, in the fore-

going paragraphs at considerable length.

Both this large fireball and that which preceded it on Sept. 7th may be

presumed from these descriptions to have been " aerolitic " or detonating

ones ; and it is remarkable that they had nearly a common radiant-point, and

that this point of divergence or real direction of the two meteors' flights is

in close agreement with well-established radiant-points of shooting-stars in

the first half of September, to which the observations of Ileis and Schmidt, and

the meteor-shower lists of Greg and Tupman, all agree in assigning very nearly

corresponding places and durations. The following Table, p. 144 (from the

'Monthly Notices' of the Astronomical Society stij). cit.), describes the results

of calculation from observations of these three large meteors ; and the closing

words of his communication to the 'Astronomical Eegister' (from which the

foregoing particulars are extracted) will here describe the astronomical deter-

minations obtained by Captain Tupman as regards the actual orbits and the

probable known showers or systems of ordinary shooting-stars to which the

last two detonating fireballs of these three bright September meteors may, in

all probability, be conjectured to have belonged.
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Regarding the second, which, like the last of these meteors, was probably

aerolitic. Captain Tupman observes :
—" It had two heads, one close behind the

other, or it divided itself at mid course, the two parts slowly increasing their

distance apart by retardation of the hindermost as they rushed through some

50 miles in something under 3 seconds of time. This appears to be a proof

of sensible retardation by the density of the atmosphere, although its pres-

sure could hardly have exceeded two tenths of an inch of mercury. Had the

meteor remained in existence another second it would have fallen into the

village of Castle Hedingham, 5 miles S."W. of Sudbury. The heated matter

left behind it in the form of a tail was visible along 10 or 15 miles of its

path " *. On the resemblance of the orbit of the last of the three meteors

to that of the second, the following considerations are also adduced :
—

" The

astronomical radiant-point is within 15°, probably within 10° of that of the

meteor of Sept. 7th. The two meteors were also similar in character, and

they appear to have moved with nearly equal velocity, something under 20

miles a second. This part of the heavens has also been known for many
years as a radiant-region for shooting- stars at this period of the year.

" Dr. Heis found for September 343 4-10

Messrs. Greg and Hersoliel, September 344 -f 1

2

Dr. Schmidt, Sept. 3-14 346 + 3
| g^.^ ^qo

„ Sept 344 — 3/ —
Tupman, 1871, Sept. 3-15 345 +13

" The mean of the two found by Schmidt is within 3° of the Sept. 14 fire-

ball radiant, and the mean of the other three is as close to the Sept. 7

radiant. The old positions, therefore, receive a genuine and unexpected

confirmation from these two fireballs, the radiants obtained for which are

certainly quite as accurate as the others, and merit being classed as new
determinations."

An interesting notice (as observed above) of the remarkable fireballs of the

first two weeks in September appeared in ' Nature ' of Sept. 23rd, 1875 (vol.

xii. p. 460), in the course of which some particulars similar to those related

above of the appearances of these splendid meteors are described.

Among the few accurate descriptions which were obtained of the large

daylight fireball of the 22nd of December, 1875, the accounts of its appear-

ance by observers at Dorking, at Southampton, and near Ware are included

in the list of large meteors accompanying this Report. The following obser-

vation of it by Mr. T. W. Webb (' Nature,' vol. xii. p. 187) furnishes some

further extremely valuable notes of its apparent course.

* It should be observed that in his investigations of the stonefall of Pultusk (Jan. 30,

1868) it was shown by Galle that the area upon which the stones fell was vertically below

the point of the fireball's disappearance (twenty miles above the earth), and not, as might

have been anticipated, in the line of the meteor's obliquely descending course prolonged

onwards from that point to meet the earth's surface. A drawing of the fireball of Sep-

tember 7, 1875, from a sketch at the time, was recently communioated to the Committee

by Mr. H. Corder, representing his view of the meteor in the end part of its course, which

he observed. After a bright disruption into several pieces (seen by other observers),

two large nuclei were visible, not following each other, but moving side by side, equally

bright and tapering, and one of them about half a length in advance of the other, with

a clear interval of about one diameter of each between them. A very small fragment

was also visible, which disappeared quickly, while the two heads continued their course,

with scarcely any changes of brightness or of relative position, from near o Andromedre to

near x Pcrsei. where they died out rather suddenly, leaving no streaks, almost together.

The sound came from the S.E., where the meteor burst, not from the east, where it died away

;

and persons who saw it before the disruption said that the meteor was then a single body.

1876. i
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Hay, S. Wales.—" Dec. 22. As our servants -were sitting at dinner by the

kitchen -window, two of them were startled by the sudden appearance of a

brilliant meteor, apparently descending in the east, with a little inclination

to north. It was not so large as the moon, but much larger than Saturn or

Mars; white and like lightning, with a very quick course, leaving a train as

broad as itself, and preserving its full size tiU lost behind the top of au oak

tree at a little distance, whose branches, though leafless, seem to have con-

cealed it from view. The next day I found, by means of a compass and
joined ruler, that its azimuth was E. by N., its inclination towards north

about 10°; the upper window-frame, where it probably came in sight, 48°,

and the top of the tree about 18° above the horizon. I have not as yet

heard of any other observation of this remarkable meteor. The position of

Hardwicke Vicarage, where it was seen, according to the Ordnance Map is

long. W. 3° 4' 23", lat. N. 52^ 5' 20"."

A comparison of this account with the observation at Braughing by Mr.
Daw affords a rough detenmination of the real path and direction and of the

probable place and altitude of this unusually bright meteor's course above
the earth's surface ; but owing to the absence of estimates of the duration of

its flight, no probable value of the meteor's real velocity can bo assigned.

The course of this daylight meteor appears to have been from about 45 miles

above the southern part of AVarwickshire to about 15 miles above the centre

of Northamptonshire, disappearing about 50 miles from Mr. Daw's position

near Ware, in Herts, where he states that no sound of an explosion fol-

lowing its appearance could be perceived. The direction of its flight was
from a radiant-point at about E.A. 250°, N. dccl. 20° (near /3 Herculis), distant

about 45° above and westward from the apparent place of the mid- winter
sun, which was shining brightly above the southern horizon when the meteor
came in sight*.

The bright meteor seen in twilight on April 15th, 1876, at Biistol and
Hawkhurst (see the accompanying fireball-list), must have passed over Ire-

land or the Irish Channel far west from Bristol, as the position of its apparent
path there, near the setting planet Yenus, differed very little from the simi-

lar account of its ajiparent path in Kent. The position of its radiant-point

cannot have been the usual one in Virgo (about 196°, -j-0) in the early part of

April, as its recorded path at Bristol, prolonged backwards nearly parallel to

the ecliptic, crosses the constellation Virgo about 20° south of the equator in

the neighbourhood of this position, proceeding from the direction of a region
where no well-established radiant-point of ordinary shooting-stars has hitherto

been observed.

The next large meteor, of which many contemporaneous observations were
communicated to the Committee, some of which have also appeared in the
daily newspapers, was that of July 25, 1876, about 10'' 5" p.m. Several ac-
counts of this fireball are contained in the list of large meteors accompanying
this Report. It resembled the fireball of September 14th, 1875, in appearance,
excepting that a decided green hue of the nucleus was observed, and a some-
what more voluminous train of red sparks and fragments appears to have
followed the head. The light which it cast was not so intense as that of the
fireball of September 14, and no sound of a detonation is related to have
been perceived. The radiant-point of this large fireball was near Antares

;

but, owing to its recent appearance, the descriptions of it hitherto collected

* ' Monthly Notices ' of the Eoyal Astrouomical Society, vol. xxxvi. p. 217. Mr. Daw's
place of observation, given as "Brangling" in that arcnnnt, should have been Branghing,
neai- Ware, in Herts.
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have not been submitted to exact calculation, although some of those recorded
in the present list are sufficient to determine with considerable accuracy ita

real path.

From the following descriptions it appears probable that a companion
meteor may also have been visible, corresponding nearly in the time of its

appearance with the principal large fireball which was generally observed.
Mr. John Lane, whose very exact observation of the meteor at Poplar,
London, is included in the list, remarks :—" It appears to me there must
have been two meteors seen near tlie sarne time, one sea-green and very large

[the meteor of 10'' o" p.m., July 2o], the other purple and somewhat smaller.

The clear observation and description given by Mr. H. Pratt from Brighton I
cannot harmonize with my own, while some others agree very well with it.

My results are that it began vertically over a point in W. long. 1°, N. lat.

50° 10', and ended over AV. loug. 2° 15', X. lat. 51° 4-3', at an elevation of

about 34 miles. Distance travelled in relation to the earth 120 miles, in the
orbit of the meteor 170 miles. Actual diameter about 500 yards."

The following duplicate observation of a shooting-star from the direction

of o Lyrae on the date of this large meteor's aj^pearance was obtained (as the
Committee was informed by Mr. Denning) from a comparison of his own ob-
servations at Bristol with those made by Mr. Clark on that date at Street,

near Glastonbury, about 20 miles south-south-westwards from his point of

observation.

Ashley Down.Bristol
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nation, so much like summer lightning that a friend whom I met afterwards

walking in the opposite direction, and who had not seen the star, asked me if

I saw the lightning, when I pointed out what it was, and showed him the

tail. A similar one appeared in about 10 minutes, but not quite so bright,

taking its course from a little nearer north, and stopping a little nearer south.

Both of these stars were larger and brighter than anj' I ever saw before, and

they increased twofold in size and brightness as they went." A sketch is

annexed showing the courses of the meteors Nos. 1 and 2, the first from

about N.E. by N. to S.W. by S., and the second on a course from about

N.N.E. to S.S.W., both tracks extending between points at no very great

altitude and at nearly equal apparent elevations above the horizon in those

directions. It appears probable that both of these large meteors were Per-

seids of considerable brightness, of which the first, however (at about ll*" 23"*,

as observed elsewhere), left the most conspicuous and long-enduring light-

streak on its course.

Meteor of August loth, 1876, about O*" 30" p.m., Bath (Mr. W. Bush).—
" On the above evening I took a seat in my garden at about O*" 45"° p.m.

at the back of the house, which faces the south-west. I had scarcely been
seated more than a minute, when I beheld an exceedingly brilliant meteor
of a bluish colour, having a very long white train. It was the second largest

meteor I have ever seen. It was at first perceptible to me on the eastern

extremity of Ursa Major, but a little nearer the horizon, I should say at an
apparent altitude of about 45°. It travelled somewhat obliquely downwards
from north-east to south-west, and it finally disappeared behind some houses.

In its transit, which occupied several seconds, it passed behind a cloud,

and emerging from thence was again equally brilliant." [The duration given
is 20 or 30 seconds ; but this cannot be regarded as more than a very rough
estimation of the real duration of the meteor's flight. The point of first

appearance described is between Arcturus and the tail-stars of Ursa Major,
which were on its left, or " eastern extremity " (practically), in the observer's

situation facing the south-west.]

The account of this meteor's appearance by Lieut. H. de H. Haigh at Penn
Ilthon, JSTewtown, in Wales (other particulars of his description being given
in the above list), was as follows :—" At first it appeared larger, but not much
more brilliant, than an ordinary shooting-star ; but it rapidly changed colour
from light yellow to red, and finally to a dazzling white resembling the
magnesium light, but far more intense, at the same time giving off volumes
of smoke, which trailed behind it like the tail of a comet. Its light about
the middle of its course was so brilliant that one could have read by it."

At Pontardawe, Swansea, it is described as the largest meteor ever seen
in the district, falling in the north, and illuminating the country for miles
around.

At St. Clear's, near Caermarthen, a splendid meteor, with a light like
that of daylight, moved rapidly "eastward," followed by a train of most
brilliant hues—green, orange, crimson, and violet. It lasted for about eight
seconds. Mr. J. P. IN'orris, at Bristol, wrote :

—" A splendid meteor has this
moment fallen due west of this house. It first appeared in the neighbour-
hood of Arcturus, then seemed to burst and trail light of rainbow colours,
and was visible nearly to the horizon slanting toivards the north. Its
distance cannot have been great, for we saw it for two thirds of its course
against a dark cloud. It may therefore have fallen in the neighbourhood of
Clevedon."

The direction of the meteor's motion in these accounts, its long dura-
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tion, and the absence of a persistent liglit-streak on its courflo, proves it

not to have been a Perseid, and the radiant was found by Mr. Denning, from

other descriptions of its apparent course, to have been in the constellation

Aquila. A similar optical illusion to that described b}' Mr. Norris, of the

fireball appearing to be projected on a background of dark cloud during a

part of its course, -was noticed by an observer of the largo fireball of Sep-

tember 14th, 1875, at Faringdon, Berks, Mr. AV. Dundas, who writes that " the

sky above was cloudless ; but shortly before I lost sight of it some heavy
clouds low in the sky (and before and after invisible) were brightly displaj'cd

as it passed them. To me it seemed at the time as if the meteor passed

between mo and them, and that the light on them was refiected, not trans-

mitied. Of course, if the meteor was seen also at Bath it could not be so

;

but it suffered no visible diminution of brilliancy while passing these

clouds " *.

An observer of the same meteor (August 15, 9.30 p.ir.), at Cirencester,

describes it as very magnificent, " passing slowly across the north-western

heavens, about midway between Arcturus and the horizon. The colour was
a vivid pale green ; it left a greenish wake behind it, and burst with brilliant

scintillations of whiter light."

II. Large Meteors.

1876, June 15, about 8^ 5" or S"* 15" p.m. local time, Suez, and several

stations on the Grand Canal.—In the ' Comptes Rendus,' vol. Ixxxiii. p. 28,

a number of accounts from the station-masters at many places on the Suez

Canal, from Suez to Rouville Simsah and Baz-el-beh, are reported by M.
Lesseps of a very large detonating meteor which appeared at the above time.

At the two latter places no sound of a detonation is described ; but the

meteor was extremely bright, bursting at last like a rocket, and moving in

the south-east from west to east. This was also the direction of its motion

at the midway station El-Ferdan, where its hght was dazzling, its dura-

tion was three seconds, and a detonation followed it like distant thunder.

The detonation was most violent at the " deversoir," where the meteor like a

mass of white light moved from south to north, apparently approaching,

and left in the zenith after its disappearance a comet-like cloud of light

visible for several seconds (a perfectly similar appearance of tho meteor was
observed at Barneses). Almost immediately after its disappearance, a noise

like that of thunder and detonations, which were for an instant terrifying,

were heard. At the station of Xabret the meteor, intensely bright and

lasting three seconds, was seen to burst like a rocket, and was immediately

followed by a thunder-like report. At one of the southernmost stations the

meteor seemed to fall in the neighbourhood, descending like a fiery dart,

which burst at last, and sounds like distant cannons followed two minutes

after its disappearance. At Suez the meteor illuminated the horizon bril-

liantly for a few seconds.

1870, July 8, about 8" 55" p.m. (local time), Indiana, U.S.—The following

letter from Prof. D. Kirkwood appeared in the 'New York Tribune' of

July 19, 1876, describing the appearance of a very brilliant fireball in the

State of Indiana, U.S., on the above date, leaving a streak of light of unusual

duration on its track :

—

" Sib,—A meteor of extraordinary brilliancy was visible in all parts of

* ' ABtronomical Kegister' for April 1876, Appendix, p. 11.
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Indiana on -Haturday evening, July 8, about five minutes before 9 o'clock.

Observations of the plienomeuon have been reported from Paoli, Eloomington

,

ludianopolis, Elkhart, and various other points—the distance apart of the

first and last-named localities being over 270 miles. Mr. J, W. HoUiugs-
Avorth, of Paoli, says, ' Spectators agree in giving it a path from jST.E. to

N.W., with an altitude of at first 20°, and disappearing below the horizon.

One careful observer states that the streak of light following remained visible

more than 40 minutes of time, and all agree in ascribing a diameter of one

fourth to one third of a degree.' At ludianopolis, according to tho ' Daily

Journal ' of July 10, the meteor appeared ' in the constellation Cassiopeia at

a point about 25° above the horizon, whence it proceeded in a right liue to

the north-west, and passed over an arc of about 30°, and vanished in space
10° above the horizon.'

"According to the observations at Paoli and ludianopolis, the meteor
became visible at an elevation of 130 miles above the earth's surface. It is

to be regretted tliat sufficient data have not been furnished for determining-

its height at disappearance, the length of its visible track, and tho eccentricity

of its orbit."

III. Periodic Stae-Showers, 1875-76.

With the exception of the annual reappearances of the Persci'ds, there have
been no marked occurrences of periodic star-showers during the past year.

The few particulars relating to them wliich have been received will be
described below ; and the following details refer chiefly to the display of

JPersei'ds in 1875 observed on the continent, accounts of which in England,
as described in the last Eeport, were obtained at a few stations onlj', owing
to the stormy weather that prevailed on the principal periodic nights.

Stcir-SJiower of August 9th-llih, 1875 : Observations by the French Scientific

Association (' Comptes Pendus,' vol. Ixxsi. p. 439, September Gth, 1875).

—

Report on the shower in Switzerland and elsewhere, by Dr. C. Wolf, of

Ziirich. At Eochefort, Messrs. Simon and Courbebaisse counted, on the average
of the whole time of their combined watch during the nigbt of the 10th of

August, 133 meteors per hour. At Avignon 858 meteors were mapped in the

same night between tho hours of 8.35 p.m. and 3'' 40" a.m. by M. Giraud,
assisted by several observers. At Lisbon, M. Capello noted at the Observa-
tory of 'I'lnfant Don Louis ' what appeared to be a maximum reappearance
of the shower, 1227 meteors being counted during the v>'atch on the night
of August 10th. Details of the shower and of the radiant-points distin-

guished in it were also received from M. Tisserand at Toulouse and from the
Observatory at Marseilles.

Prof. Tacchini obtained at Palermo a number of distinct centres of radia-
tion of the shower, of which the following is a list; and he remarks that all

these definite centres, when projected on a map, are included, as he has
.already formerly observed, in a narrow elongated area.

ct= S= a= d= a= S= a= 5=
o

1875. r42 -f.54-5 f4y-2 +54-0
Aug. 9th. ^44-2 -1-50 5 ,^^ j

41-0 -1-55-7 Aug.^

i44 -1-51-2 f"^-^ 41-7 4-54-5 11th"

44-0 +53-0 Aug.-l ,, , ,„.„
390 +5()-3 12lh/"^"^

+^'*'*

41-7 +53-5
44-u +510

^45-1 +52-0

Average of ;ill llie above siibradianl positious 42°-72, +53°-21.
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At Dijon radiant-positions were also observed by Abbe Lanioy, who noted
the mean place of the principal radiant for all the nights at R.A. 37°, N.
Decl. 45° (A), and recorded also the foUowing general centres of showers
which appeared to accompany the display :—atll.A. 320°-4, S. Decl. 1°'8 (B),
and E.A. 331°, Decl. 0°.

At Bordeaux, M. Lespianlt noticed the existence of several secondary
radiant-points in or near the constellation Cassiopeia.

N^otes of an abundant shower were also received from llouen, Sainte
Honorine du Pay, and from Courtcnay, where M. Coruu observed a remark-
able light-cloud, or band of light, stretching with blunted terminations to
a full length of 120°, and moving eastward, which he conjectures may have
had some connexion with the display.

In addition to these observations collected and published in France under
M. Le Terrier's superintendence, M. Ernest Quetelet communicated to the
Belgian Academy of Sciences * an account of the August meteor observations
made at the Eoyal Observatory at Brussels, and the following numbers of
meteors were observed:

—

August 9tli, August lOtb, August lltli,

10"-llh. 9h55'"-10i'55'"; ll^ 4o"-12i^ 45". 9'' 50'"-10'i 50'".

(much cirrus) (some clouds) (quite clear) (clear)

No. of meteors 16 31 59 34
seen. (3 observers) (3 observers) (2 obseiTers)

Do. iu order of'

brightness(de-

scendiug from > 3, 5, 7, 1, 0, 0. 13, 17, 34, 15, 8, 0. 2, 6, 10, 8, 7, 1.

1st to 6tli mag-
nitude).

Totals 18,28, 51,24,15,1.

The largest meteor of the shower, at 11'' 15™ (Brussels time), on the 10th, ex-
ceeded Jupiter in brightness, and left a persistent streak visible for 20 seconds,

which disappeared without presenting any indications of rapid currents in the
upper atmosphere. Although a pretty bright display, this annual return of
the August meteors was yet not so remarkable as to distinguish it as an cscep-
tionall}' great reappearance of the shower.

At Cheadle, in England t, a very similar view of the shower, confirming
its marked but not very extraordinary intensity, was obtained by Mr. G. T.
Rj^es, whose observations of tlie Persei'ds in 1871, communicated to the
Committee by Mr. Symons, as follows, must have enabled him to make a fair

comparison between the abundance of the meteors seen on this and on that
earlier occasion :

—" Took up a station at the top of the Wrekin with a party
of friends for the purpose of observing the periodic display of meteors,
Aug. 10th, 1871. Counted about 70 between 9" 30™ and 11" 30™ p.m., nearly
all in the neighbourhood of the constellations of Perseus and Cepheus ; none
very remarkable. A larger number seen on our way home from ll"" 30™ p.m,

to 2" 15™ A.M., and of larger size, but not coiuited. One very briUiant one [sec

the fireball-list in this Eeport], about 0'' 33™ a.m., lighting up the country."

* Bulletins de I'Acad. E. des Sciences de Belgique, 2' serie, tome 39, 1875.
t ' Astronomical Eegister,' 1875, p. 222. Erratum.—The position of the radiant-point

of the Perseids in 1874 assigned by Mr. W. F. Denning at Bristol, in the ' Astronomical
Eegister ' of Sept. 1874, " bewteenB, C Camelopardi and x Persei, at E.A. 2'> 55™, D. 58°
30' N.," was at E.A. 44°, N. Decl. .58°'5; not, as misprinted in these Eeports (for 1875,
p. 213), at E.A. 39°, N. Deel. 58°-5.
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October, Novemher, and Decemher Star-Showers, 1875.—Of the annual

mcteor-sliowers in October and December no observations have been received.

The state of the sky was unfavourable for continued observations on the

periodic dates, and in the intervals of cloudless hours devoted at some sta-

tions to a watch, the preparations for recording the Orionids and Geminids

in 1S75 were unsuccessful, these showers being apparently absent on the

expected dates. At Stouyhurst Observatory a meteor-watch was kept on the

mornings of November 12th and 15th, and also at the Royal Observatory,

Greenwich, on the latter morning, with favourable conditions of the sky, but

in bright moonlight*. In 2| or 3 hours before daybreak on the first

morning eight meteors were mapped at Stonyhurst College, two or three of

which were Leonids, three Taurids, and the rest apparently sporadic.

Twenty-four meteors at Stonyhurst and twenty-six meteors at Greenwich
were mapped in 3| or 4 hours of generally clear sky on the morning of the

15th, of which ten or twelve meteors noted at each place were Leonids, and
the rest were either Taurids or were directed from less certainly determined

radiant-points. On the intervening mornings of the 13th and 14th the sky

was either whoUy or almost entirely overcast.

The Geminids of December 11-13, 1875, were watched for in England
without success on account of cloudy skies ; and equally unfavourable con-

ditions prevented any satisfactory observations of the meteors of the lst-2nd

of January, 1876, from being made. But the night of January 1st proving

clear at Sunderland, Mr. Backhouse saw two meteors, unconformable, on that

evening-, in a few minutes' watch, and towards five o'clock on the morning of

the 2nd of January two others in 15 minutes, which were conformable to the

radiant-point of the annual shower. On the following morning also, at about
2*" A.M., Mr. Backhouse noted one meteor only in a watch of 23 minutes,

when the sky, which had been overcast before, cleared partiaUy, and it was
conformable to the radiant-point of the shower.

The following notice of some shooting-stars seen by the expedition under
Captain Parry in the Arctic seas occurs in the narrative of his third voyage

(p. 64), relating the events of the winter at Port Bowen in the year 1824,
and it appears to indicate an appearance of the Geminids with considerable

brightness in December of that year ; but the description includes meteors
from other radiants as well as a particularly bright one directed exactly

from the radiant in Gemini of the annual shower. The changes of the

weather which accompanied these appearances being regarded by Captain
Parry as in some intimate manner connected with the apparition of the

meteors, are described in full detail ; but except to observe that the meteors
seen appear to have been as exceptionally remarkable as the sudden changes
of the weather with which they were presumed to be associated, the notable
features of the wind and weather which are stated in the original account to

have accompanied them need not here be reproduced at length, but only
the passages of the narrative may be transcribed in which the apparent paths
and appearances of the meteors seen Avere recorded with careful accuracy and
completeness. The particulars of a few meteors thus successfully preserved
will doubtless be held by navigators and explorers as offering them a use-
ful example for repeating wherever practicable, and malving known in

future to the best of their information, such highly valuable observations.
" The meteors called falling stars were much more frequent during this

winter than we ever before saw them, and particularly during the month

1875

' Monthly Notices of the Astronomical Society,' yol, xxxvi. pp. 83 and 272 (December
5 and March 18761.
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of December [1824]. On the 8th, at 71" r.Ji., a large auci pretty brilliant

meteor of this kind fell in the S.S.W. On the following day, between

4'' and 5'' p.m., another, very brilliant, was observed in the N., falling from

{in altitude of about 35° till lost behind the land. On the 12th no less

than 5 meteors of this kind were observed in a quarter of an hour ;

the account furnished me by Mr. Eoss, who with Mr. Bell observed the

phenomena [ was] as follows:—At 11" 15™ my attention was

directed by Mr. Bell to some meteors which he had observed, and in less

than a quarter of an hour five were seen. The two first, noticed only by

Mr. Bell, fell in quick succession, probably not more than two minutes apart

;

the third appeared about eight minutes after these, and exceeded in bril-

liancy any of the surrounding stars. It took a direction from near ft
Tauri,^

and passing slowly towards the Pleiades left behind it sparks like the tail of

a rocket, these being visible for a few seconds after the meteor appeared to

burst, which it did close to the Pleiades [the direction of this meteor is

exactly from the radiant-point r Geminorum, close behind it, of the Geminids

of December 12th]. The fourth meteor made its appearance very near the

same place as the last, and about 5"° after it. Taking the course of those seen

by Mr. Bell, it passed to the eastward, and disappeared halfway between

ft
Tauri and Gemini. The fifth of these meteors was seen to the eastward,

passing through a space of about 5° from north to south, parallel to the

horizon, and moving along the upper part of the cloud haze which still

extended to the altitude of 5° or 6°. It was more dim than the rest, and of

a red colour like Aldebaran. The third of these meteors was the only one

that left a tail behind it as above described. There was a faint appearance

of aurora to the westward, near the horizon." [With the exception of the

third of these five meteors, the radiants from which they were directed arc

undetermined, and appear to have had no connexion with that of the annual

meteor-shower in Gemini.]

The April Meteors in 1876.—No intimations of the appearance of the

Lyraids on the nights of April 18th-20th, 1876, have reached the Committee,

probably owing to the very unfavourable weather for observation which pre-

vailed. This year being a leap-year, the occurrence of the shower might be

expected to be a day earlier than on ordinary years (April 19th-20th) ; and

the following letter in ' Nature ' (vol. xiv. p. 26) from Professor Kirkwood,

of Bloomington, Ind., probably describes a considerable apparition of these

meteors in the United States on the expected meteoric date.

"Between 10 and 12 o'clock on the night of April 18th, Mr. W. L.

Taylor, a member of the Junior Class in the State University, with several

other gentlemen, observed an unusual number of shooting-stars. These

gentlemen were returning in an open waggon from EUetsville, eight miles

north of Bloomington. No count was kept of the number of meteors observed,

but the appearance was so frequent as to attract the attention of all the com-

pany. Mr. Taylor thinks the number noticed cannot have been less than

twelve or fifteen. Prom the descriptions given of the meteor-tracks, I find

that they were nearly conformable to the radiant of the Lyraids. The

meteors were remarkably brilliant, apparently equal to stars of the first or

second magnitude. At my request, Mr. Benjamin Vail, a student of the Uni-

versity, made observations on the nights of the 19th and 20th of April.

Both nights were so cloudy, however, that a continuous watch would have

been useless. About 11 o'clock on the night of the 19th three meteors

were seen in the north-west, where the sky at the time was partially clear."

The Awjust Meteors in 1876.—A large list of observations of the Perseids,
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in 1876, has been communicated to the Committee by observers at Birming-

ham, Bristol, Buntingford (Herts), Hawkhurst (Kent), Sunderland, and York;

and the past year's list of meteor observations at the Eadcliffe Observatory,

Oxford, contains very numerous observations on the meteors of the shower.

The state of the sky was generally very favourable for observations (although

the moon had passed its first quarter during the second week in August), and

the number of observations is rather ascribable to this cause than to any

great intensity of the shower which was observed. The maximum hourly

frequency of the meteors noted by one observer at any time during the watch

scarcely exceeded twenty-five or thirty meteors per hour, of which five or sis

were unconformable and the rest Persei'ds ; and the latter were not con-

spicuous in brightness or in leaving very persistent streaks. A few large

Persei'ds were recorded, details of the brightest of which (on the 11th at

11" 22"", and on the 13th at 9'' 27'") are included in the descriptions of

large meteors given in the foregoing list. The maximum frequency of the

meteors took place during the night of the 10th to 11th of August, when
one observer might count from 25 to 30 Persei'ds in an hour ; but the number
visible on the nights of the 9th and 11th were much less than this, and not

more than 15 or 20 Persc'ids could be noted in the same time. Their radia-

tion was in general accurate, and the centre of divergence of the recorded

paths was not far from the usual position of the radiant-point of the shower

near rj Persei. The number of unconformable meteors visible during the

period of the annual watch was about 6 or 8 per hour, and more than 60 of

their paths were mapped. The radiant-points which they indicate arc very

numerous, their tracks belonging, with very little apparent ascendancy of

any particular shower, to almost all those known to be in activity during the

time of continuance of the August shower. Several accordances of meteors

simultaneously observed at distant places, besides those of large meteors above

mentioned, are contained in the observations ; and of these and of other points

of special interest in the several descriptions the Committee trust to com-
municate the details, and an account of the results of a complete discussion

which they are at present undergoing, in another year's Report.

The annexed extract from the 'English Mechanic' of September 8, 1876,

contains, besides some observations on the shower, a notice of a lai'ge Perse'id

of which some other exact observations are described (at p. 134) in the general

fireball list of this Rex^ort :

—

" August Meteors.—The following note of the August meteors as seen from
this i)lace may interest some of your readers. On the night of the 10th,

between 9"^ 15"" and P 15", 131 were observed. Of those seen before mid-
night the greater portion appeared to have a radiant-point in Cassiopeia, but
those seen afterwards came from the cluster j^ Persei. Tlio numbers observed

during this month are as follows :

—

Date, 1876, August 9th, 10th, 11th, 12th, 13th, 27th.

Meteors observed 21 134 25 8 13 12

One of the meteors seen on the 13th deserves special mention. It appeared

at about 9'' 27™, as nearly as I could judge, in semidarkness, moving in a line

from X Persei, and passing with a rapid motion across a small star distant

about 30' (minutes of arc) vertically over B Ursa; Majoris. It was as bright

as Yenus, and it left a tail for 4 or 5 seconds.—J. Pabneli,, Folkestone,"
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Special Catalogues and General Comparative Lists of Meteor-Showers.

As the scattered lists of meteor radiaut-points, or general centres of diver-

gence of sliootiug-st.ars, on ordinary nights of the year are at x)reseut, from

the dispersed materials and limited accessibility of such catalogues, most unser-

viceable for the use of observers, the attempt which has during the past year

been made by Mr. Greg to present a carefully condensed and revised collection

of all such observations in a single comprehensive list will be recognized by
assiduous recorders of shooting-stars as affording them an invaluable fund of

useful information on the previously ascertained positions of all the best

known and best determined radiant-points of such probably distinct showers

or meteor-systems as they may meet with in their observations. With a

view to grouping new observations of the places and durations of shower-apices

under the best-established average dates and directions of the hitherto known
centres of divergence of ordinary shooting-stars, Mr. Greg compiled last year

a valuable condensed list of meteor-showers from all the published catalogues

and observations accessible to him, including all the older and all the most

recently recorded showers of the northern or southern hemispheres visible in

the latitude of Greenwich. A single chart illustrating the list was at

the same time drawn by Mr. Greg, and it was the intention of the Com-
mittee to have printed and issued this catalogue and map, together with

an introduction containing directions for their use, in the form of a separate

pamphlet during the past year to assist observers ; but the additional

matter sought to be included with it in the pamphlet being yet unfinished,

and the necessity felt by observers for a full and correct list of the known
average centres of radiation of ordinaiy shooting-stars being one of the

most urgent and important of the requirements which it has been the object

of the Committee during the past year to supply, the course which it has

appeared to them most desirable to adopt (the first stage of the projected

compilation having thus far been completed) is to present Mr. Greg's Cata-

logue and Map (which here follow) in this Report, as a useful companion

to observers for reference aud guidance in recording appearances of meteor-

showers. The reference-numbers of the list coincide with those of Mr. Greg's

earlier list (contained in the volume for 1874 of these Reports), with some
rearrangements and with considerable additions (from the last No., 187, of

the earlier list *) to embrace new showers. By consulting the earlier list,

references more or less complete wiU be found to all the original observations

of these meteor-showers ; and with the assistance of the key-map a ready

and convenient, and for tlie most part perfect, means is thus afforded of de-

termining the degree of importance or the possible distinctness of a newly
observed meteor radiant-point from any previously known observations of

meteor-showers resembling it which may already have been elsewhere

recorded.

* III the uew entries some numbers temporarily assigned last year (these Eepoi-ts for

1875, p. 223) to new showers there for the first time poiutecl out are not uniformly

adliered to in the following list, which is condensed and extended tlu'oughout, directly

from the last similar complete comparative list of the year 1874.
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IV. Aekolites.

Several falls of meteorites (one of them of much importance) have recently

occurred, detailed accounts of which, and of recent researches on aerolites

and on aeroHtic meteors, have been collected during the past year by Dr.

Plight, and form in this Appendix (see Part II.) a continuation of the similar

abstracts contained in last year's Ilepo]-t.

Part I.

—

A Review of recent Stonefalls and of Papers relating to Meteorites.

By A. S. Herschei,.

The following falls of meteorites have been placed on record since the date

of the last of those which were there described :^-

A.D. 1814, — — Gurramconda, near Chittoor, North Arcot, Madras,
India.

„ 187.5, Sept. 1 4, 4'' p.m. Supino, circ. Prosinone, Italy.

„ 1876, Apr. 20, 3" 40"^ p.m. Eowtou, near Wellington, Salop, England
(Ironfall).

„ 187G, June 28, ll''-12'' a.m. Stiilldalen, Dalecarlia, Sweden. (See ac-

count of this aerolite at the end of this Appendix.)

The following descriptions have also been given of meteoric appearances,

presumably aerolitic, of which no further corroborations have hitherto been

received.

1875, Feb. 10th, Isle d'Oleron, and March 9th, Orleans, France. (See

these Eeports, vol. for 1875, p. 206.) In the French weekly scientific

journal ' Les Mondes,' vol. xxxvi. p. 458 (March 25th, 1875), these meteors

are described as falls of aerolites. It appears probable from this description

that they were detonating fireballs ; but of this, and of their possible aerolitic

characters, no other evidence has been produced of which the Committee has

yet received intelligence.

The following notice of large meteors seen in America in December and
January last, by Mr. C. W. Irish, of Iowa City, U.S., although affirming them
to have both been of the detonating class, does not distinctly pronounce them
to have been accompanied by falls of aerolites ; but one at least of these fire-

balls produced a very loud explosion. " In the last week (the 27th) of

December, 1875, at 9'' p.m., and also in the first week of January, 1876,. large

meteors traversed the air near the south boundary of this (Iowa) State. One
passed near Ilingold Co., south-easterly ; the other passed over St. Joseph, in

the State of Missouri, travelling eastwards ; and both came to the earth, I

think, very brilliant and noisy. It is stated, in the ' Kansas Chief ' of

December 30th, tliat after a lapse of 2 minutes after the disappearance of

the meteor of the 27th, a sound like the discharge of a heavy cannon was
heard, or rather one loud explosion followed by a lighter one. It jarred houses

and rattled windows."
From the ' Scientific American ' of August 12th, 1876 (p. 98), Mr. Wood

communicates the following apparently authentic record of a recent fall of an
aerolite in Kentucky, U.S., no meteor, however, being described, and no other

details of the occurrence having yet been received :—•" The Louisville ' Courier

Journal ' states that on July ISth (1876), at 4'' a.m., Mr.White, watchman of the

Whiteford engine-house, whilst on duty, was startled by a loud report, lilce

that of a pistol, and instantly following some heavy substance fell into the
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sh-eet a few feet distant. Mr. "White searched, and found imbedded in the

ground a stone of the appearance of dark flint, weighing about two pounds.

The stone was broken to pieces, and examined during the day by several

scicntifio gentlemen, who pronounced it genuine meteoric substance. The
probable solution is that the explosion occurred at a greater distance than was
supposed, and that this was but a small fragment of a large aerolite."

To the many valuable essays on the physical characters of aerolites with

which Professor Maskelyne has from time to time enlarged the extent of our

knowledge of the real nature of these bodies, and to the unremitting zeal with
which he has collected in the British Museum a series of authentic specimens

of meteorites not excelled in any other national mineralogical collection, we
owe many of the most interesting discoveries and conclusions of scientific

importance regarding the probable history of meteorites which have been
arrived at in recent yeai's. Some outline of the progress that has been

made in these investigations was given in the concluding paragraphs of last

year's Report ; but a very valuable summary of the existing state of know-
ledge on the composition, structure, and probable history of meteorites has

appeared in a series of papers*, published during the past year by Professor

Maskelyne, entitled " Some Lecture Notes on Meteorites," to which, as they

contain a most instructive review of the many points of information accu-

mulated during a prolonged period of successful and diligent research, the

Committee has especial satisfaction (while noticing in this Report the prin-

cipal contributions to acrolitic science during the past year, notable additions

to which were made in our own country) in being able to refer. These

useful Lecture Notes contain in a few condensed and readily accessible pages

the mature results of almost numberless scattered treatises and memoirs

;

and besides the certain basis of instruction which they olTer on the ordinary

features of composition , structure, and typical characters of meteorites, and
of the circumstances which attend their fall, a store of useful hints and germs
of fixture theories are thrown out regarding the extra-terrestrial conditions of

rock-formation on distant astronomical bodies from which these strange frag-

ments are derived. In connexion with the discoveries (and especially with

the views advanced by Mr. Lockyer to explain them) of the spectroscope

regarding the selective arrangement and definite elevations of certain ele-

ments forming the ordinary ingredients of terrestrial rocks in the outer layers

of the sun's atmosphere, the low degree of oxidation which invariably cha-

racterizes the constituent minerals of meteorites appears, among the conjec-

tures to which Professor Maskelyne draws attention, no longer to be a singular

peculiarity of the parent bodies from which they were projected, but a condition

of their surfaces which corresponds exactly with the common assumption of

their small dimensions, usually regarded as a necessary supposition to account

for the projection and liberation of aerolites from the attraction of those

distant spheres by forces of ordinary eruptive violence. Such views of the

arrangeinent and concentration of the elements by gravity in condensing cos-

mical masses, tending, in the order of superposition of their densities, to eli-

minate as much oxygen and other light-atomed elements as they contain

towards the surfaces, if, as appears very probable, they should soon be con-

firmed by a more perfectly discriminating scrutiny of the sun's atmosphere

with the spectroscope, will link together more closely than before the evidence

which the spectroscope affords, and which has independently been gathered

* ' Nature,' vol. xii. pp. 485, 504, 520 (September 30 and October 7, 14, 1875).
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from a minute examination of meteorites, that the materials and the laws

of aggregation of the elementary substances constituting the largest and the

smallest suns and planets are essentially the same, only differing very strikingly

from each other in their scale. Conditions which we notice on the sun and

on our own globe we may regard as having in all probability once presided

over the process of condensation of every planet from a state of vapour, and

as having notably collected on the surfaces of the small meteorite-yielding

planetoids, in exact proportion to their size, less oxygen than we find existing

on the surface of the earth. Passing over many valuable pages of descriptive

matter in the ' Notes,' containing exact accounts and appropriate discussions

of many new as well as formerly narrated particulars and observations, it

should be stated that the explanation given in one of the first paragraphs

of the first article in ' Nature ' (loco sk^. cit. p. 487) of the characteristic

pittings of the surfaces of meteoric stones and irons, supposing them to arise

from exfoliation of pieces of the stone or iron by the sudden expansion of the

material produced by heat, is set aside in a later paper by Professor Maskelyne

in favour of a far more natural and more probable hypothesis, the leading

points of which will be presently described.

The meteoric fall of the greatest interest during the past year was that of

an aerosiderite, or piece of metallic iron, which fell in Shropshire, eight or ten

miles north of the Wrekiu, on the 20th of April, 1876. Rain was falling

heavily, unaccompanied by lightning or thunder, and the skj' was thickly

overcast for some time before and after the hour, 3'' 40" p.m., when the event

took jjlace. At that time a strange rumbling noise was heard, followed by a

startling explosion like a discharge of heavy artillery, audible over an area

several miles in extent among the neighbouring villages of Shropshire. The
meteorite was found about an hour after this occurrence by the tenant of a

grass field, near the town of Wellington, Mr. Brooks, who had occasion to

visit the spot, and observing the ground to have been disturbed, probed the

hole which the meteorite had made, and discovered it at a depth of 18 inches

below the surface. Some men at work at no great distance had heard the

noise of its descent, but without being able to indicate the exact place or its

direction. The hole was nearly perpendicular, the meteorite having entered

the ground almost vertically in a north-west to south-easterly direction, and
Avhen found it was still quite warm. It weighs 7| lbs., and is a mass of

metallic iron irregularly angular, although aU its edges appear to have been
rounded by fiision in its transit through the air, and, except at the jjoint

where it first struck the ground, it is covered with a thin black pellicle of the

magnetic oxide of iron. The surface is somewhat pitted or marked with
slight depressions, one of which occurring in a fiscure of the mass affords some
instructive evidence of the causes of their formation. The exposed metallic

part of the surface exhibits crystalline structure vcrj- clearly when it is etched.

The meteorite was first exhibited publicly at a local bazaar, held in Wolver-
hampton, and afterwards at a meeting of the Natural History Society of Bir-

mingham, by whose representations to the agent of the Duke of Cleveland,

and by the Duke's consent, in whose property it fell, it was presented to the

British Museum. It is only the seventh aerosiderite, or meteoric iron, of

which the fall has been witnessed*, although upwards of a hundred iron

masses have been discovered in different parts of the globe, which are un-

* For a list of the earlier known examples of sneli ironfalls, sec these Eeports (vol.

forl§7fi,p.24G),
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doubtedly meteoric, and two such have been found in Great Britain. The

falls of eight stony meteorites have been recorded in this country, of which

the last happened at Killetcr, in Ireland, on the 29th of April, 1844. A
Section of the llowton siderite for analysis wiU shortly be made ; and the

foregoing description of the meteorite, and of the circumstances attending

its fall, are extracted from an account of the occurrence of the aerosiderite by

Professor Maskelync, in ' Nature ' of July 27th, 1876 (vol. xiv. p. 472).

llegarding the origin of tho remarkable pittings of the surfaces of aerolites

and aerosidcrites, an opinion was lately expressed and advocated by Daubree *,

that in their flight through the air they undergo erosion and excavation by joint

effects of fusion and combustion, assisted mainly by air vortices attacking most

violently certain portions of their surface. An important paper on this subject,

by Professor Maskelyne, was published more recently in the ' Philosophical

Magazine ' of August 1876. It is true that pittings identical in appearance

with those of meteorites are found on the surfaces of certain large grains of

powder blown unconsumed from the mouths of tho large modern rifled

ordnance (excellent specimens of this kind received from Professor Abel

and Major Noble having been shown by Professor Maskelyne to Mr.

Daubree in the summer of 1875) ; but two important grounds for exception,

in regard to this explanation, are pointed out by Professor Maskelyne,

which must not be overlooked. The closest examination of the molten

glaze with which, like other parts of their surfaces, the pittings or depres-

sions of meteorites are coated over, shows no indications of vorticose action

of the air, although stream-lines of the glaze from front to rear are of

freqiient and conspicuous occurrence. The process of atmospheric combina-

tion, or combustion, is also rare, if not entirely absent, during the period of

most intense operation of the heat, as is shown by particles of metallic iron

which are occasionally found imbedded in the glaze, and even by cases

where the highly oxidizable mineral Oldhamite (calcium sulphide), occurring

in spherules in the Bustee meteorite, is glazed over equally with the Augite,

without offering any signs of combustion or of the production of cavities

where they are exposed. On the other hand, the readier fusibility of some

constituent minerals of meteorites appears to determine the formation of

depressions of the surface where they present themselves ; and among the

magnesian silicates which form the principal materials of stony meteorites, it

appears that the more ferruginous varieties are somewhat more fusible than

the more purely mngnesiferous silicates, which, with minor assemblages of

other minerals, enter, in very various proportions, into the composition

of the stony masses of aerolites. If the entire process of surface-melting

and abstraction which meteorites undergo is thus correctly represented, the

question of the amoimt of fracture and division into separate parts which they

may suffer by their collision with the atmosphere is one which is yet undecided ;

and many difficulties beset the inquiry if meteorites are single bodies, or if,

as numerous examples appear to testify, they sometimes enter the atmo-

sphere in swarms. An important dissertation on this question by F. Mohr

appeared during the past year in Liebig's ' Annalen'f ; and a paper by Yon

Tschermak (of which a brief abstract was presented in last year's Ilepoi*t),

on the same subject of the probable origin and of the original forms of

aerolites, is now translated in extenso in the Supplementary No. for June

1876 of tho ' Philosophical Magazine.'

* ' Comptes Eeudus,' April 24tb, 1876,

t Vol. clxxix. pp. 257-282.
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Part II.'

—

Accounts of Aerolites and Aerolitic Meteors, and Abstracts of
recent Eesearches on them. By W. FiiaHx.

1875, Pebruaiy 12th, 10.30 p.m. (Chicago time).—Iowa Co., State of Iowa*.

The conclusions arrived at by Wright, on examining the gases occluded by

the iron of these meteorites, have been referred to in the Iteport (B.A.) for

1875, p. 240. He considered that the stony meteorites were distinguished

from the iron ones by having the oxides of carbon, chiefly the dioxide, as

their characteristic gases instead of hydrogen. This theory has been called

in question by Mallet, who refers to his examination of the gases of the iron

of Augusta Co., Yirginia, where the ratio of the oxides of carbon to hydrogen

is 4 : 3, and to his having pointed out in 1872 that hydrogen could no longer

be regarded as the characteristic gaseous ingredient of meteoric iron. In his

paper of that date he stated that although it might be assumed that carbonic

oxide would be the original form in which the gaseous carbon-compounds

existed in the iron, and that it lirokc up at the temperature of the experiment

into carbon retained by the iron and into carbonic acid, yet in view of the

steady decrease of the quantity of the latter gas which was evolved as the

experiment proceeded, it seems more likely that a larger amount of carbon

originally existed in the higher state of oxidation. Mallet considers that,

when all the circumstances of the experiment are considered in each case,

Wright's conclusion cannot be sustained.

In a paper dated some months later, Wright replies to Mallet's criticism.

He states that he only meant this expression of opinion to be tentative, Init

that the results of further work completely justify the conclusion at which

he had arrived. He has re-examined the gases of the iron of this meteorite,

and examined those of the iron of some other stony meteorites, such as Ohio,

• Tultusk, Parnallee, and Weston, and finds that not only do the stony mete-

orites give off a much larger volume of gas at low temperatures, but the

composition of the gas in all the cases studied is quite different from that

evolved from meteoric iron. In no case among the results obtained with the

alloy is the amount of carbonic acid greater than 20 per cent, at 500°, nor

than 15 per cent, of the A^hole quantity evolved, while in every case but
one the volume of carbonic oxide is considerably larger. In the chondritic

meteorites, on the other hand, the percentage of the latter gas is conspicuously

small, while the carbonic acid constitutes more than half the total gas evolved

below a red heat, except in the case of the meteorite under consideration

which fell at Iowa, and here the percentage is not much less, especially if we
reject the numbers representing the amount obtained by a second and long-

continued application of a red heat. At a temperature of about 350° it

constitutes from 80 to 90 per cent, of the gaseous products, and at 90° it

forms more than 90 per cent, of the gas evolved. The hydrogen, on the

other hand, progressively increases in quantity with the rise of temperature,

and is the most important constituent of the first portions removed at a red

heat. The form in which the carbonic acid is occluded is a problem which
he cannot at present solve. That it is actually absorbed appears to be certain.

* J. W. Mallet, ' Amer. Journ. Sc' 1S7.5, rol. x. p. 206 ; N. E. Leonard, ib. vol. x.

p. 367; A. W. Wright, 'Amer. Journ. So.' 1876, vol. xi. p. 253; "An Account of the
Detonating Meteor of February 12, 1875," by C. W. Iri.sli, Iowa City, 1875, Daily Pres.s

Job Printing Office, Dubuque Street; M. Delafontaine, Bibliotheque Universelle,' October
1875, p. 188; G. A. Daubree, ' L'Institut,' 1875 (Nos. 105-122), p. 138; C. W. Giimbel,
' Sjtzungsber. Ak. Wiss. Muncben,' 1875, vol. v. p. 313.
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That it has been taken up from tlie atmosphere has been proposed. He finds,

however, that tlie iron of the Iowa meteorite contains no more carbonic acid

now than it did at tlio time of its fall.

Leonard gives a detailed account of the appearance presented by the meteor,

which is stated to have been seen throughout a region 400 miles from S.W.
to N.E., and 250 miles in breadth. The stones vary in weight from a few
ounces to 74 lbs., and the aggregate weight is 500 lbs. ; the area over which
they were scattered appears to be 7 miles in length, and 4 miles at its greatest

breadth. A plan of the townships included in this area is given in Leonard's

paper, and it shows where the chief stones fell. By reason' of the frozen

condition of the ground at the time of the fall, and the low angle of descent, it

appears probable that almost all the fragments which fell have been secured.

The velocity of the meteor has not been satisfactorily determined ; it appears

probable that during the last 60 or 70 miles of its course it travelled at the

rate of from 6 to 7 miles per second.

An interesting pamphlet by Mr. Irish, C.E., deals with the appearance

presented by the meteor. He has incorporated in his paper a number of

letters received from observers stationed over a wide ai'ea, describing their

impressions as to its altitude, velocity, and appearauco ; and he has given a

drawing of the meteor, and prepared a map of the district, showing the pro-

jection of its path through the air. I learn by a recent letter from Mr. Irish

that two blocks, one weighing 72 lbs., the other 48 lbs., which evidently

formed one and the same mass which was disrupted during the descent, have

since been found ; and the aggregate weight of the stones now collected cannot

be less than 700 lbs. I am also indebted to Mr. Irish for six excellent

photographs of the Iowa stones, sixty-seven in number, which form the

collections of Prof. Hinrichs, Mr. J. P. Irish, and himself. They were taken

by Mr. Thomas James, of Iowa citj', and are in the very best style of photo-

graphic art.

Prof. Giimbel, of Munich, lias recently published an interesting paper oii

the characters of this meteorite. He finds the crust to possess a deep bottle-

green or brownish-red colour, and to possess in polarized light all the

characters of an amorphous glass-like mass. "NYhen a fragment is heated it

turns of a dark brown colour, like that noticed by him in the eruptive rocks

of the Fichtelgebirg, and he regards this change as a safe indication of the

presence of olivine.

The composition of the stone is found to be :—

-

Meteoric iron 1232
Troilite .5-2.5

Silicate, decomposed by acid 48"11

Silicate, not acted upon by acid 34'32

10000

The silicate decomposed by acid is an olivine, having the formula

2 (I MgO, iFcO), SiOj ; and the insoluble silicate, which has been regarded

by Dr. Lawrence Smith as pyroxene, gave the oxygen ratios—silicic acid

= 29-08 ; bases = 10-29. It appears not improbable that in this case the

silicate was not completely decomposed during analysis.

The paper is illustrated with an interesting plate of a microscopic section

showing olivine, augite, meteoric iron, chromite, troilite, particles of a reddish

hue which resemble garnet but which doubly refract light and exhibit optical

characters which will not allow of tbeir being identified with nosean, and

chondra showing fibrous, radiate, and granular structure, as well as others
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which evidently consist of olivine, and some which are opaque and finely

granular. The meteoric iron has a hackly angular structure, and has the

appearance which it would present if reduced to the metallic state in the

position which it at present occupies.

1875, December 27th, 9 p.m.—Kansas.

I have to thank Mr. Irish, C.E., of Iowa City, for two cuttings from

newspapers (the Kansas Chief of December 30th, and the Kansas Even-

ing Post of December 29th) recording the fall of a detonating meteor of

the above date. It traversed the heavens in a direction from N.W. to S.E.,

leaving a lurid streak in its wake. The whole heavens were lighted

up, and " made all out of doors almost as light as full moonlight." The
, meteor was of the usual Avhitish-red colour, and when it exploded the fiery

fragments were scattered in all directions. " Perhaps two minutes later, and
after all appearance of the meteor had disappeared, the sound of the explo-

sion came like the discharge of a heavy cannon ; or rather one loud explosion,

immediately followed by a lighter one like an echo. The explosion jarred

houses and rattled windows. The size of the meteor and the terrible force

of the explosion may be imagined from the fact that the distance M'as so great

that it required about two minutes for the sound to reach the earth, and the

concussion was so jilainly felt and heard at that distance. The phenomenon
was witnessed over a large extent of country." An observer, writing from

Fort Leavenworth, states that it appeared to have its origin in the constel-

lation Cassiopeia, and its course was due east. llr. Irish states that he has

made every effort to secure possession of the meteorites which must have

fallen, b\it has been unsuccessful. The time of flight is estimated to have

been from 12 to 15 seconds.

1875, December 27th, 9.20 p.m.— State of Missouri, U.S.A.

I am indebted to Mr. Irish, C.E., ofIowa City, for an interesting description of

this detonating meteor, as well as for a map, on which he has traced its course.

The point where it was first seen in the zenith is at Thayer, in Nebraska,

near the borders of Kansas, and about 120 miles ^. of the Missoiiri river. It

was seen by him at Iowa City first as a small meteor, which rapidly became
brighter, and was hidden from view when at an altitude of about 40° by a

building ; at this moment it gave out a very brilliant quivering flash of light,

which illuminated the whole heavens. It appears from Mr. Irish's map to

have been seen over a wide area, from Stillwater in Minnesota on the north,

to Bufl'alo in Missouri on the south, and as far west as the shores of Lake
Michigan. Near the termination of the flight sounds were heard: over

Archer, in Nebraska, a rushing roaring sound, as of a mighty wind, was
noticed ; at St. Joseph, in Missouri, the first distinct explosion was remarked,

and between that town and Livingstone Co. frequent and very heavy detona-

tions occuiTcd. In the last-mentioned district, and at places as far as 60 miles

distant, numerous red fragments were seen to fall. He says,"I have had several

persons looking for the meteorites where the fall must have taken place ; but
the whole district is covered with dense forest, and is mountainous and broken,

and the ground was very soft from the long-continued rains preceding the

fall, so that no fragments have been found. All the observers of the final

explosion agree that the great bulk of the material M'as thrown upward and
backward upon the course of the meteor, as the arroAV-pointed dots in

my sketch indicate. The luminous appearance continued in sight for

15 minutes."
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1876, Januarj' 5th, 10.30 p.m.—Iowa and Missouri.

This meteor, according to Mr. Irish's letter and accompanying map, was
witnessed over an area extending from Cass, in Iowa, to Grundy, in Missouri. It

appeared to descend almost perpendic\ilarty, and was a very brilliant meteor,

and a very noisy one also. A series of reports twenty-two in number were
heard during its transit from Cass to Grundy. The rumbling thunder of its

artillery, together with its flashes of brilliant light, brought people from their

beds with an apprehension that the great CivilWar had broken out afresh. Its

time of flight over the area indicated was not more than five seconds, and the

light it emitted is said to have equalled that of noonday. None of the

meteorites which must have fallen have been found, for the reasons already

referred to when speaking of the detonating meteor of December 27th.

1876, January 31st, 5.30 p.m.—Louisville, Kentucky.

Dr. Lawrence Smith, of Louisville, observed a magnificent meteor traversing

the heavens on the afternoon of the above day. He first saw it at an altitude

of about 60° above the horizon, and it disappeared from view behind some
houses at an elevation of about 20°. Its direction appears to have been from
X.W. to (S.E., and the angular magnitude about one sixth that of the disk of

the moon. It was seen over an area 120 miles in diameter. A number of

observers witnessed an explosion which took place when the meteor was
about 10° above the horizon ; all the fragments disappeared instantly, except

the largest, which also became invisible before it reached the horizon. One
or two of the eye-witnesses think they noticed a whizzing noise, and at the

time of bursting heard the explosion. jS^o fragments of a meteorite have yet

been met with ; but it is the opinion of Dr. Smith that they feU about the

range of the Cumberland Mountains in Kentucky, or in the north-east of

Tennessee.

1876, April 7th (evening).—Eperjes, Hungary*.

A fireball passed over Eperjes 8° [?£. or W.] from the meridian, and
detonated at an altitude of 38° above the horizon. It exploded with a very

loud noise, and broke into numerous fiery fragments.

1876, June 28th, 11-12 a.m.—StiiUdalen, Dalecarlia, Sweden.

A meteor traversed a part of Central Sweden in aW.N.W. direction, and was
plainly visible in the vei-y bright sunshine. It was observed at Stockholm and
at Sodermanland ; at 13 English miles S.W. of Liukoping it was seen first in

an 'N.W. direction, and at a considerable altitude, and it descended almost to

the horizon in the west. A loud whistling noise was heard in the air from
E. to "W., followed by two sharp reports, and others less loud resembling
thunder. The fall of the meteorites was witnessed by eight or ten persona,

and three or four fragments have been secured by Dr. Lindstrom. The
largest, about the size of two fists, weighs 4^ skalpund [1 lb. av.= 1-068 Itt.

or skalpund], StiiUdalen is a station on the Swedish Central Railway, on
the northernmost part of Crebrolan, Some of the meteorites which fell ia

water have been lost.

^ Egyet^rtds es Magyar Ujsag. Budapest, April 13, 1876.
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Rejiort on the Rainfall of the British Isles for the years 1875-76, by

a Committee consisting of C. Brooke, F.R.S. [Chairman) , J. Y.

Bateman, C.E., F.R.S. , Rogers Field, C.E., J. Glaisher, F.R.S. ,

T. Hawksley, C.E., The Earl of Rosse, F.R.S., J. Smyth, Jun.,

C.E., C. ToMLiNSON, F.R.S., G. J. Symons [Secretanj)

.

In accordance with the resolution of the Association, the Rainfall Committee,

originally appointed in the year 1865, now present their final report.

They gave in the report presented at Bristol in 1875 a condensed account

of the contents of their previous reports.

This year they present the various tables and explanatory remarks upon
them which are necessary to complete the work up to the i)resent time, ex-

cepting that referred to in the 7th following paragraph.

The tables are as follows, namely :

—

I. Examination of Eain-Gauges.

II. Eainfall of the years 1874-5.

III. Monthly returns from new Irish stations.

Examination of Kain-Gavges in situ.—Appended to this report are the

results of the examination of 2(j rain-gauges visited since August 1875.

This brings the entire number which have been visited and examined up
to (J55. The Committee regard this as a very important subject, and the

best guarantee of the records furnished by the observers. They have more
than once expressed their conviction that the proper course would have

been to appoint a travelling inspector, so that the whole of the gauges might
be properly examined ; but they have never had adequate funds for the pur-

pose. In fact, the total amount they had been able to devote to it in the 15
years during which the inspections have been going on has only been =£210,

or an average of exactly ,£14 a year. The explanation of the smallness of the

amount in comparison with the work effected (about Gs. 5(7. x^er station visited)

arises from the fact that it has been almost entirely done by our Secretary,

who, as a member of the Association, received nothing for his services but
mcrelj'- repayment of actual expenses, and even these have been materially

reduced by the hospitality of the observers.

Ilainfail of the years 1874-5.—The usual biennial tables of monthly rain-

fall at selected stations arc appended. Ever since their apjiointment the Com-
mittee have continued these biennial tables, and as IMr. Symons had submit-

ted similar ones for some years previous to their appointment, the entire series

embraces 16 consecutive years. Subject only to changes rendered necessary

by the removal or death of obsei-vers, the same stations have been quoted in

each biennial table, and thus these tables contain about 200 perfect records,

each extending over 16 consecutive j-ears. Only those persons who are aware
of the great importance of continuity in physical researches will fully realize

the value of this series, both for physical and hydrological purposes.

The Rainfall of 1874 was slightly below the average, owing to a rather

dry spring and exceedingly dry summer. The most remarkable feature of

the year was the heavy fall of rain on October 6th, when the average fall

over England and Wales was slightly above 1 inch in the 24 hours, and the

fall at many stations in North Wales and the Lake District was iipwards of

5 inches. So heavy a fall over so large an area is a very rare occurrence.

The Rainfall of 1875 was greatly above the average in England (especially

in the Midland Counties), and irregular in Scotland and Ireland. A very
heavy rainfall occurz-ed in Wales and the southern parts of England on July
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l-ith ; the fall in 24 hours exceeded 1 inch at 252 stations, 2 inches at 109,

3 inches at 39, 4 inches at 7, and 5 inches at 3 stations.

Ncv) Irish Stations.—We reported last year the success of our efforts to

improve the geographical distribution of Rainfall Stations in Ireland, showed

that ihe gauges started at the cost of the Association had been supplemented

by many others established at the cost of private individuals, and gave a map
showing the present complete distribution of stations. Almost all the ob-

servers have proved good ones, and, as the table shows, the returns have

been forwarded with regularity. The period is too short to yield precise

results, but a good system has been inaugurated and is in full operation.

At the commencement of this report it was stated that there was one very

important exception to the otherwise satisfactory completion of the work up
to the present time. This exception is the classilied list of stations, and the

results of the " position-returns " which we intended to have incorporated

therewith. In 1865 we published a complete list of every station in the

British Isles at which rainfall observations were known to have been made,

giving the observei-s' names, the height of the stations above mean sea-level,

the epoch of the observations, and various other details. Owing to the large

development of rainfall work during the subsequent 10 years, the list has

become very imperfect, and the Committee have been actively engaged in the

preparation of a revised list. In addition to the details previously given, the

list was also to have contained other most valuable information. The
"position-returns" obtained from the various stations, and which have been

mentioned in previous reports, were to have been summarized, and the results

indicated by symbols affixed to the stations in the classified list, and references

to publications in which the records could be found were also to have been

added. The classified list of stations would thus have formed a complete

catalogue raisonne of all the existing rainfall data, and have given most

useful information at present non-existent. To the great regret of the Com-
mittee, the Association declined to publish the portion of this list presented

last year, and the Committee have therefore felt compelled to relinquish its

completion. They the more deeply regret this, as they consider that the

publication of this list would have been a fitting termination of their work,

and would have redounded to the credit of the Association.

Notwithstanding the above most important omission, the Committee feel

they have done good service to rainfall work. When they commenced their

labours, the weakest part of rainfall observations was the defective geographi-

cal distribution of the stations. This defect has now been very materially

lessened. By the grants of the Association nearly 250 gauges have been

erected in districts hitherto without observations. The work done in the inspec-

tion of stations has already been mentioned. A definite unit has been adopted

for the term " rainy day," namely, any day on which one 100th of an inch of

rain falls. A complete code of rules has been drawn up, so as to secure uni-

formity of practice among observers. The secular variation of the rainfall of

the British Isles has been investigated. A determination of the average

proportion of the total yearly rainfall which occurs in each month has

been effected. Elaborate observations have been made and discussed on the

relative quantity of rain indicated by gauges of various sizes and shapes, and

erected at different heights above the ground.

To sum up their labours in a sentence, your Committee have aimed—they

hope not without success—primarily at obtaining unimpeachable records
;

and, secondarily, at so discussing and arranging these records as to render

them as useful as possible to physical inquirers and hydraulic engiiieers.
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List of stations supplied -mih. Eain-gauges by the British

County.

Cork
Kerry

j»

Tipperary

»j

Limerick

7> . . ..

.

Clare

))

Kilkenny

))

King's County,

Kildare
Dublin
Meath

It

Longford

J) ....

.

Galway
Mayo

siigo '.!!!!!...!!

Leitrim

»*

>i

»»

I)

jj •• •

Fermanagli .

,

Monnghan
Armagh
Down

TJ

»»

J)

t7 ••

)) •
Antrim

»»

»i

Londonderry .

,

Tyrone

)»

)f

Donegal

Station.

Skibbereen

KiUarney, Gap of Dunloe
Tralee, Godfrey Place

Tipperary, Henry Street

Nenagli, Luska Lodge
Newcastle, Baile au Teampul . .

.

Limerick, Kilcornan

Janevillo, Tipperary
Kilrush
Miltovvn Malbay
Corofln

Kilkenny, Butler House
Castlecomer
Banagher
Naas, Ballymore-Eustace

Ratbgar
Navan, Balrath
Kells

Longford Barracks
Granard Barracks
Ballinasloe, Kilconnell

Westport, Eossbeg House
Bangor, Gleuturk Lodge
Sligo, Ballinful

Carrick-ou-Sbannon, Drumsna.
Mobill, Dromraban

j»

Carrick-on-Sbannou ,

Drumkeeriu, Spencer Harbour..

„ Coll

Irvinestown, Eglinton Lodge .

.

Rockcorry
Newtownbamilton
Kilkeel

Warrenpoint, Summer Hill .

.

Newry, Newcastle

Ratbfriland
Hillsborougb, Anahilt

Newtownards, Model School . .

.

Crumlin
Bnllymoney, Chui-eh Street

Bushmills
Londonderry, Knockan
Moy, Benburb
Stewartstowu
Strabane

Inver Glebe
Carndonagh

Jan.

6-77

59°
(3-96)

496
(3-92)

7-57

4'2I

476

4'33

(4-64)

311
(5-47)

(4-75^

476
5-12

(609)
478
573
2-93

5-43
4-86

(3'99)

(3-89)

(7-10)

(4-89)

4'99

(4-83)

4-83
12'13

(5-58)

3-59
4-16

4-29

377
3*iS

(3-64)

3-48

5-38

4-16

(3-52)

Feb.
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Association in 1874, and Eetums therefrom for 1875-76.

July.
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EXAMINATION OF

as

630.

631,

632.

633

634.

635-

636.

fi'2

COUNTY.
Station.

OWNER.
Observer.

1875-
Aug. 31,

Sept. 10.

Sept. J

I

Oct. 7.

Oct. 7.

Sept. 27.

Oct. 26.

637. Sept. 25.

GLOUCESTEESHmE.
South Parade, Clifton.

J)E. G.F.BURBEE.
Br. Burdcr.

DEVONSHIEE.
Martinhoe.

BEV. C. SCRIVEN.
Rev. C. Scriven.

KEVONSHIRE.
Ilfraeombe Hotel.

ILFRACOMBE HOTEL COMP.
Mr. Tafhttm.

DURHAM.
Eabv Castle.

O. J. SYMONS, ESQ.
Mr. Wesfcoii.

DURHAM.
Whorlton.

REV. A. W. HEABLAM.
Rev. A. W. Hcadlam.

YORKSHIRE.
Great Aytou, Middlesborough.

MR. BIA'ON.

KENT.
St. Augustine's Monastery, R.amsgate.

REV. FATHER QUELCH.
Rev. Father Quclck.

DURHAM.
EggleBcliffe.

REV. J. HULL.
The Gardener.

c
o .^&

o o
O

Maker's name.

X.

XII.

Merely
funnel

dis-

cbarg-

1

ing

into

tube.

X.*

Negretti & Zambrji

Casella

Glass anon.

Anon.

9 a.m.

Irregu-

lar.

9 a.m.

Height of

gauge.

Above
ground.

ft. in.

o 6

I o

12 6

Above
sea-

level.

feet.

192

82s

Casella . 9 a.m. i I o

III. Anon.

III. i

Anon.

X.

XII.

Negretti &Zambra ga.m

Casella 9 a.m.

34

460

400

4 8 3C0

* This mark denotes that the gauge has a deep Snowdonian rim.



ON THE KAI.NIALL Ol' THE JSKITISH ISLES. 177

ItAlN-GAUGES (continued from Brit. Assoc. Hep. 1875, p. 111).

^
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EXAMINATION 01

B

fig

COUNTY.
Stition.

OWNER.
Ohscrver.

o
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EXAMINATION OF

M

CD ff

647.

1875.
Dec. 21

1876.

648. Mar. 16,

649,

650.

651

652.

653.

654.

655.

Mar. 16

Mar. 17

Mar. 17

Mar. 17.

Mar. 17,

Mar. 18.

Mar. 20.

COU]STY.
Station.

OWNER.
Observer.

CAMBRIDGESHIRE.
The Observatory, Cambridge.

THE OBSER J 'A TOR Y.

Mr. Todd.

WESTMORELAND.
Kirkby Stephen.

T. MAS OS, ESQ.
T. Mason, Esq.

WESTMORELAND.
Applebv-

DR. ARMSTRONG.
Dr. Armstrong.

YORKSHIRE.
Mickleton.

G. J. SYMONS, ESQ.
Mr. Wade.

DURHAM.
Gainford.

A. ATKINSON, ESQ.
A. Atkinson, Esq.

YORKSHIRE.
BaiTiiugbani Park.

A. SUSSEX MILLBANK, ESQ.

YORKSHIRE.
Rokeby Rectory.

EEV. H. CLARKE.
Rev. H. Clarke.

DURHAM.
Wolsingham.

MR. A. MITCHELL.
Mr. A. Mitchell.

NORTHUMBERLAND.
Allenheads.

W. B. BEAUMONT, ESQ.
Mr. Kidd.

1^
Q

III.

XII.

III.

XII.

III.

X.

Maker's name.

Casella

Casella

Anon.

Casella

Casella

Anon.

CaseUa

Anon.

Height
of gauge.

Above
ground.

I
:

tt. ni.

. 8 a.m. I o

9 a.m.

9 a.m.

9 a.m

9 a.m.

9 a.m

9 a.m,

Negretti &Zambra 9 a.m.

I o

I o

I o

o 6

Above
sea-
level.
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RAIN-GAUGES {contimml).
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TABLES OF MONTHLY RAIN-1

ENGLAND.

Division I.

—

Middlesex,
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?ALL IN THE BRITISH ISLES.

ENGLAND.
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ENGLAND.

^Division II.

—

Sottth-Eastern CouNTrES {contimied).
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ENGLAND.

185

Division 11.

—

[jouth-
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ENGLAND.

1 Division IV.^Eastern Counties (continued).
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ENGLAND.

1H7
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ENGLAND.

Division V.

—

South-Western Counties (continued).
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ENGLAND.

Division VI.

—

West Midland Counties (continued).
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EXGLAXD.

!

Division VII.

—

^""orth Midlaxd Counties {continued).
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ENGLAiND.

191
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ENGLAND.

Division IX.

—

Yoekshiee (continued).
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ENGLAND.

193

l<
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WALES.

Division XI.

—

Monmouth, W.\ies, and the Islands.

1

' Monmouth. Glamorgan.
1
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WALES.

195
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SCOTLAND.

Division XII.

—

Southern Counties. |
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SCOTLAND.

Divisiou XV.—WEiSX Midland Counties (continued).

Argyll (contimicd).

1

Height of

; Kain-gauge

I above

1
Ground

' Sea-level

i
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SCOTLAND.

199

Div. XV.—
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SCOTLAND.

Division XVII.

—

Nokth-Easteen Counties (continued).
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SCOTLAND.
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lEELAND.

Division XX.

—

Muisster.



'
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Ninth Report of the Committee, consisting of Pi'of. Everett, Sir W.
Thomson, F.R.S., Prof. J. Clerk Maxwell, F.R.S., G. J. Symons,

F.M.S., Prof. Ramsay, F.R.S., Prof. A. Geikie, F.R.S., James
Glaisher, F.R.S., George Maw, F.G.S., W, Pengelly, F.R.S.,

Prof. Hull, F.R.S., Prof. Ansted, F.R.S., Prof. Prestwich,
F.R.S., Dr. C. Le Neve Foster, Prof. A. S. Herschel, G. A.

Lebour, F.G.S., and A. B. Wynne, appointed for the purpose of
investigating the Rate of Increase of Underground Temperature

downwards in various Localities of Dry Land and under Water.

Drawn up by Prof. Everett, Secretary.

A remarkable series of observations have recently been taken in a boring

at Sperenbcrg, near Berlin. The bore was carried to the depth of 4052
Rhenish (or 4172 English) feet, and was entirely in rock-salt, with the excep-

tion of the first 283 feet, which were in gypsum with some anhydrite. Tlie

observations were taken under the direction of Herr Eduard Danker, of

Halle an der Saale, and are described by him in a paper occupying thirty-

two closely printed quarto pages (206-238) of the 'Zeitschrift fiir Berg-,

Hiitten- und Salinen-AVesen ' (xx. Band, 2 and 3 Lieferung : Berliu, 1872),

The instrument employed for measuring the temperatures was the earth-

thermometer of Magnus, which gives its indications by the overflowing of

mercury, which takes place when the instrument is exposed to a higher tem-

perature than that at which it was set. To take the reading, it is immersed

in water a little colder than the temperature to be measured ; the tempera-

ture of this water is noted by means of a normal thermometer, and at the

same time the number of degrees that are empty in the earth-thermometer is

noted. From these data the maximum temperature to which the instrument

has been exposed can be deduced, subject to a correction for pressure, which
is not very large, because the same pressure acts upon the interior as upon
the exterior of the thermometer.

In the following resume (as in the original paper) temperatures are ex-

pressed in the Reaumur scale, and depths in Rhenish feet, the Rhenish foot

being 1-029722 English foot.

Observations were first taken, at intervals not exceeding 100 feet, from the

depth of 100 feet to that of 4042 feet, the temperature observed at the former

depth being 11°, and at the latter 38°-5 ; but all these observations, though
forming in themselves a smooth series, were afterwards rejected, on the

ground that they were vitiated by circulation of water and consequent con-

vection of heat.

It has often been supposed that though this source of error maj' affect the

middle and upper parts of a bore, it cannot aflect the bottom ; but the Speren-

berg observations seem to prove that no such exemption exists. When the

bore had attained a depth of nearly 3390 feet, with a diameter of 12 inches

2 lines at the bottom, an advance-bore of only 6 inches diameter was driven

17^ feet further. A thermometer was then lowered halfway down this

advance-bore, and a plug was driven into the mouth of the advance-bore so

as to isolate the water contained in it from the rest of the water above. After

twenty-eight hours the plug was drawn and the thermometer showed a tem-

perature of 36°-6. On the following day the temperature was observed at the

same depth without a plug, and found to be 33°- 6. Another observation with
the plug was then taken, the thermometer (a fresh instrument) being left

twenty-four hours in its position. It registered 36°-5, and again, without
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pluggiug, it gave on the same day 33°-9. It thus appears that the effect of
convection was to render the temperature in the advance-bore 3° R. too low.

Apparatus was then employed for isolating any portion of a bore by means
of two plugs at a suitable distance apart, with the thermometer between them.
This operation was found much more difficult than that above described ; but
in several instances it gave results which were deemed quite satisfactory

;

while in other instances the apparatus broke, or the plugging was found im-
perfect. The deepest of the successful observations by this method was at
2100 feet, and the shallowest was at 700 feet. The first 444 feet of the bore
were lined with iron tubes, between which the water had the opportunity of

circulating even when the innermost tube was plugged ; hence the observations
taken in this part were rejected.

All the successful observations are given in the third column of the follow-
ing Table, subject to a correction for pressure ; and, for the sake of showing
the error due to convection in the ordinary mode of observing, the tempera-
tures observed at the same depths when no plugs were used are given in the
second column :

—
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])rpth in Teitiptraturo

illioTiish B'^aiiiiiur.

feet. o

700 :. 17-270

900 18-780

nOO 21-147

1300 21-510

1500 23-277

1700 24-741

1900 26-504

2100 28-668

3390 37-238

Assuming, with Herr Dunker, the mean temperature of the surface to be

7°-18, which is the mean annual temperature of the air at Berlin, we have

the following increments of temperature with depth :

—

Depths in Ehenish
feet.



ON UNDERGROUND TEMPERATURE. 207

t denoting the temperature (Reaumur) at the depth .^ (Rhenish feet), and
has computed the most probable values of a and h by the method of least

bijuares. He finds

a = -0129857 h= - -00000125791,

the negative sign of h indicatiug that the increase of temperature becomes

sloAver as the depth increases.

A paper by Prof. Mohr, of Bonn, as represented by an abstract published

in ' Nature ' (vol. xii. p. 545), has attracted attention from the boldness of its

reasoning in reference to the Spcreuberg observations. Prof. Mohr, however,

does not quote the observations themselves, but only the temperatures calcu-

lated by the above formula, which he designates, in his original paper (' Neuea
Jahrbuch fiir Mineralogie,' &c., 1875, Heft 4), " the results deduced from the

observations by the method of least squares." In the abstract in ' Nature

'

they are simply termed " the results of the thermometric investigation of the

Sperenberg boring," a designation which is still more misleading.

Attention is called to the circumstance that the successive increments of

temperature for successive equal increments of depth form an exact arith-

metical progression, as if this were a remarkable fact of observation, whereas

it is merely the result of the particular mode of reduction which was adopted,

being a mathematical consequence of the assumed formula

—

< = 7-18 + ax + bx\

The method of least squares is not responsible for this formula, but merely
serves, after this formula has been assumed for convenience, to give the best

values of a and b.

Herr Dunker, in his own paper, lays no stress upon the formula, and gives

a caution against extending it to depths much greater than those to which
the observations extend. Writing to Prof. Everett under date April, 1876,
he requests that, in the summary of his results to be given in the present

Report, the formula should either be suppressed or accompanied by the state-

ment that its author reserves a different deduction.

The following are the differences between the temperatures computed by
tlie formula and the observed temperatures :

—

Difference (computed
Depth. minus observed).

700 -1-621
900 -1-931
1100 -1-204
1300 -f 0-427

1500 -1-0-553

1700 -f 0-882

1900 -fO-811
2100 +0-238
3390 -0-482

The necessity of adopting some means to prevent the circulation of water
in bores has for some time been forcing itself upon the attention of your
Committee. Many of the observations taken by their observers have con-
tained such palpable evidence of convection as to render them manifestly
useless for the purpose intended ; and iu the light of the Sperenberg experi-

ments it is difficult to place much reliance on any observations taken in deep
bores without plugging. The selection of a suitable form of plug is now
occupying the careful attention of your Committee.
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Herr Bunker's paper gives a very full account of the different kinds of plug

employed at Sixrenberg.

For stopidiig Ihe mouth of the advance-bore the plug had a tapering shape,

and was of hard wood, strengthened by two iron rings, one at each end, and
covered with a layer of tow 5 lines thick, outside of which was thick and
strong linen, nailed above and below to the wood through a leather strap.

It was lowered into its place by means of the iron rods used for boring ; and,

when in position was pressed home by a portion of the weight of the rods.

The plug carried the thermometer suspended from it. Its extraction was
commenced by means of a screw on the beam of the boring-machine, in order

to avoid a sudden jerk, which might have broken the thermometer. The force

which was found necessary for thus starting the plug, as well as the impres-

sion observed upon it when withdrawn, showed that it had fitted tight. To
insure a good fit, the top of the advance-bore had been brought to a suitable

shape, and its inequalities removed, by means of a revolving cutting-tool.

Herr Bunker remarks that this plan is adapted to a soft material like rock-

salt, but that in ordinary hard rock it would be better to make the bottom of

the main bore flat, and to close the advance-bore by an elastic disk pressed

over it. The method of observation by advance-bores can only be employed
during the sinking of the bore, a time when it is difficult to avoid error arising

from the heat generated in boring. The expense of making an advance-

bore at each depth at which an observation is required is also an objection to

its use.

Another kind of plug devised by Herr Bunker, and largely used in the

observations, consisted of a bag of very stout india-rubber (9 millimetres

thick) tilled with water, and capable of being pressed between two wooden
disks, one above and the other below it, so as to make it bulge out in the

middle and fit tightly against the sides of the bore. On the suggestion of

bore-inspector Zobel, the pressure was applied and removed by means of

screwing. Two steel springs fastened to the upper disk, and appearing, in

Herr Bunker's diagram, very like the two halves of a circular hoop distorted

into an oval by pressing against its waUs, prevented the upper disk from

turning, but offered little resistance to its rising or falling. The lower disk,

on the contrary, was permitted to turn. Both disks were carried by the

iron boring-rods. Eotation of these in one direction screwed the disks

nearer together, and rotation in the other direction brought them further

apart. The india-rubber bag could thus be made to swell out and plug the

bore when it was at the desired depth, and could be reduced to its original

size for raising or lowering. In order to prevent the boring-rods from be-

coming unscrewed one from another, when rotated backwards, it was neces-

sary to fasten them together by clamps, a rather tedious operation in working
at great depths.

In taking observations at other points than the bottom, two of these plugs

were employed, one above and the other below the thermometer.

In some of the experiments, the apparatus was modified by using linen

bags filled with wet clay, instead of india-rubber bags filled with water;

and, instead of screwing, direct pressure was employed, the lower disk being

supported by rods extending to the bottom of the bore, while the upper disk

could be made to bear the whole or a portion of the weight of the rods above

it. Some successful observations were obtained with both kinds of bag ; but

the water-bags were preferred, as returning more easily to their original size

when the pressure was removed, and consequently being less liable to injury

in extraction. In some observations since taken in another place (Suden-
berg), Herr Bunker states (in the private letter above referred to) that

J
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india-rubber bags, filled with water, and pressed, not by screwing, but b}-

the weight of the rods, were employed with much satisfaction.

All the methods of plugging employed by Herr Dunker involved the us*^;

of the iron rods belonging to the boring-ajiparatus, and therefore would be

inapplicable (except at great expense) after the operation of boring is finished

and the apparatus removed.

It seems desirable to contrive, if possible, some plug that can be let down
and raised by a wire. In the first report of your Committee, it was suggested

that two bags of sand, one above and the other below the thermometer,

should be used for this purpose. Bags of sand, however, would be liable to

rub ofl:' pieces from the sides of the bore, and thus to become jammed in

drawing up. Mr. Lebour has devised a plug which will be of small diameter

during the processes of lowering and raising, but can be rendered large and
made to fit the bore, when at the proper depth, by letting down upon it a

sliding weight suspended by a second wire. Sir W. Thomson suggests that

a series of india-rubber disks, at a considerable distance apart, will pro-

bably be found efi"ectual.

Mr. Boot has continued his observations in the bore which he is making
at Swinderby, near Scarle (Lincoln). It has now been carried to the depth

of 2000 feet, and is in earthy limestone or calcareous shale, of Carboniferous

age. Its diameter in the lower part is only 3^ inches. In April last the

temperature 78° F. was observed at 1950 feet ; and more recently 79° F.

was observed at 2000 feet—the water, in each case, having been undisturbed

for a month. Supposing these results not to be vitiated by convection, and
assuming the mean temperature at the surface to be 50°, we have an increase

of 29° in 2000 feet, which is at the rate of 1° in 69 feet.

Mr. Symons has taken a series of observations at the depth of 1000 feet in

the Kentish-Town well, with the view of determining whether the tempe-

rature changes. The instrument employed is a very large and delicate

Phillips's maximum thermometer. The following is a list of the obser-

vations :—

-

i Date of lowering.

1874, —
May
July
.Tulj-

Sept,

Sept. 29
Oct. 30
Dec. .3

ISTi'). Jan.

Feb.
Mar.
Maj-
June
July
Aug.
.Sept.

Oct.

Oct.

Nov.

8
2

28
8

10

Depth
indicated.

10

1

feet.

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
KXtO
1000
1000
1000
1000
1000
1000
1000

Thermo-
meter
set at

64-50

63-80
63-20

65-10

65-80

65-81

63-40
63-80
63-75
63-90

03-90
03-95

63-00

03-87
63-87

64-00

63-9()

63-80

63-70

Date of

1874, May 8
July 2
July 28
Sept. 8
Sept. 29
Oct. 30
Dec. 3

1875, Jan. 7
Feb. 1

M.U-. 3
May 3

1

7
3

Depth
indicated.

June
July
Aug,
Sept. 10

Oct. 2
Oct. 19 i

Nor. 1 .

Dec. 1
I

feet.

1007
1009
1005
1004
1004
1000
1006
1009
loor,

1005
1006
1005
1005
1(KJ4

1001
1003
1004
1005

Temperature
Fahr.

66-82

(reading lost.)

67-40
67-51

67-43

67-68

67-52

07-63
67-56

67-58
(;7-62

07-49

G7-53
67-58
67-58
67-58

67-62

67-62

Wire broke.

1876.
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The "• depth indicated " is shown by a measuring wheel or pviUey, over-

which the wire runs by which the thermometer is raised and lowered, as

described, with a diagram, in the Eeport for 186t). The above Table shows

that there is always some stretching, real or apparent, in the interval be-

tween lowering the thermometer and raising it again. Hecent observations,

by means of a fixed mai'k on the wire, have shown that the change is not,

in the main, a permanent elongation, but an alternation of length. It is

probably due in part to the greater tension which the wire is iinder in rais-

ing than in lowering, a circumstance wliich will cause a temporary differ-

ence of length variable with the rapidity of winding up ; also in part to the

circumstance that the wire is warmer when it has juet left the water than

when it is about to be let down. Home portion of the irregularity observed

may be due to variations of temperature in that part of the well (210 feet)

which contains air. The observations, taken as a whole, show that any
variations of temperature which occur in this well at the depth of 1000 feet

are so small as to be comparable with the almost inevitable errors of ob-

servation. The observations will be continued at intervals of six months,
with additional precautions, and with an excessively slow (specially con-

structed) non-registering thermometer, in addition to the maximum ther-

mometer hitherto employed.
Through the kindness of the eminent geologist M. Delesse, of the Ecole

j^ormale at Taris, observations have been obtained from the coal-mines of

Anziu, in the north of Prance. They were taken under the direction of

M. Marsilly, chief engineer of these mines. Maximum thermometers of

the protected Xegretti pattern were inserted in holes bored horizontally to

the depth of -G or -7 of a metre in the sides of shafts which were in pro-

cess of sinking, and in which there was but little circulation of air. A
quarter of an hour was allowed to elapse in each case, after the boring of

the hole, before the thermometer was inserted and the hole plugged. Four
different shafts were tried. Those designated as Nos. I., II., III. were in

"

the mine C^haband La Tour, and No. TV. was in the mine Eenard.
In shaft I. observations were taken at eight different depths, commencing

with the temperatiu'c 56|° F. at a depth of 3S-5 metres, and ending with
(171° F. at 200-5 metres.

In shaft II. there were observations at four depths, commencing with
55° at 87-3 m., and ending with G3j° at 185 m.

In shaft III. there were observations at three depths, commencing with
5G° at 87-8 m., and ending with 62|° at 144 m.

These three shafts, all belonging to the same mine, were very wet, and
the temperature of the air in themVas 11° or 12° C. (52° or 54° F.).

In shaft lY., which was very dry and had an air temperature of about
15° C. (59° F.), observations were taken at six depths, commencing with
70|° F. at 21-2 m., and ending with 84° F. at 134-8 m.

The mean rates of increase deduced from these observations are:

—

In Shaft I., 1° F. in 14-4 m., or in 47-2 feet.

II., „ 11-5 m., „ 37-7 „
„ III., „ 8-G5m, „ 28-4 „

IV., „ 8-57 m., „ 28-1 „

The observer mentions that in shaft II. there was, at a depth of 90 m., a

seam of coal in which heat was generated by oxidation; but no such
remark is made with respect to any of the other shafts, although it is

obvious that some disturbing cause has rendered the temperature in shaft

IV. abnormally high. Possibly the heat generated in boring the holes for
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tbe thermometers in this shaft (which was dry) has vitiated the observations,

the instruments employed being maximum thermometers. Two of the slow

non-registering thermometers mentioned in last year's lleport have been

sent to M. Delesse, to be used for verification.

The slow- action thermometers are constructed on the foUo'ndug plan :—

•

The bulb is cylindrical and very strong, and is surrounded by stearine or

tallow, which fills up tlic space between it and a strong glass shield in

which the thermometer is inclosed. The shield is not hermetically sealed

(not being intended for protection against pressure), but is stopped at the

bottom with a cork, so that the thermometer can be taken out and put in

again if desired. Stearine and tallow were selected after trials of several

substances, including paraffin-wax, bces'-wax, glue, plaster of Paris, pounded
glass, and cotton-wool. The thermometers are inclosed in copper cases

lined with india-rubber. When placed, without these cases, in v/ater dif-

fering 10° from their own temperature, they take nearly half ti minute to

alter by one tenth of a degree.

In concluding this Eeport, your Committee desire to express their regret

at the losses which they have sustained by the deaths of Prof. Phillips, Sir

Charles Lyell, and Col. Strange, of whose valuable services they liavo been

deprived -flithin the last three years.

Nitrous Oxide in the Gaseous and Liquid States.

By W. J. Janssen.

[A communication ordered by the General Committ.ee to be printed in e.vlenso.']

The experiments of Faraday on the liquefaction of gases have already proved

that gases at the ordinary conditions of pressure and temperature are vapours

at a remote stage from their points of condensation. If several gases sub-

mitted to great pressure and the cold of the carbonic acid and ether bath

did not exhibit any appearance of liquefaction, the cause is probably that

Faraday did not obtain a temperature low enough to produce liquefaction.

Hence we may conclude that the gaseous and liquid states of matter depend

only on the temperature and pressure to which it is exposed. The interest-

ing experiments of Dr. Andrews with carbonic acid (Philosophical Trans-

actions for 1869) not only verified this conclusion, but gave the important

result that gases and liquids are distant stages of the same condition of

matter, which may pass into one another without breach of continuity. The
temperature at which matter, without sudden change of volume or abrupt

absorption of heat, passes from the ordinary liquid to the ordinary gaseous

state is called by Dr. Andrews the critical point ; above that temperature a

gas never can be liquefied by pressure, it behaves like a permanent gas

;

below that temperature it will be liquid or gas, or more exactly liquid or

vapour, according to the pressure to which it is exposed. For the details I

refer to the above-mentioned paper.

I have made the same kind of experiments with nitrous oxide, a gas whoso
physical properties agree much Avith those of carbonic acid. The apparatus

was similar to that used by Dr. Andrews, to whom I am much indebted for

the great kindness with which he has afforded me every instruction, and for

his invaluable advice about tlie use of Lis apparatus during my stay at Belfast

and afterwards.

p li
•>
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As my expel imeiits with nitrous oxide presented anomalies which did not

occur with carbonic acid, I first made some experiments with the latter gas,

in order to try whether they were to be ascribed to observational errors or to

the nitrous oxide I used. The results are given in the following Tables,

where S is the fraction representing the ratio of the volume of the air after

and before compression to one another at the temperature i, e the correspond-

ing fraction for the carbonic acid at the temperature t'. and I the number of

volumes which 17,000 volumes of carbonic acid, measured at 0° and 760

millims., would occupy at the temperature and pressure of the observation.

The number 17,000 has been taken as unit to compare thef5e Tables with

those of Andrews.

Table I.—Carbonic Acid at 21°-45 C.

_JL-
67-S-'

Tl-SO

1

I

'^'20

1

78-!(6

81-40

t".
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Those results agree closely with the experiments of Dr. Andrews at the cor-

respoudiug temperatures, tlie differences being ouly 0*2 of an atmosiihere. At
21°-47 the gas passed into the liquid state at a pressure of GO'S atmospheres,

whilst its volume had diminished from 17,000 to 162 ; with Dr. Andrews
this pressure amounted to GO'05 atmospheres, and the corresponding volume
of the carbonic acid to 160. As the quantity of air in my case was about

^^ of the entire volume of the gas, the increase of pressure to liquefy the

whole after liquefaction had begun, amounted to about 2-4 atmospheres, viz.

from 59'81 to 62-18. The critical temperature I found to be 30°-87. It

wUl be observed that the pressures are those indicated by the apparent con-

traction of the air in the air-tube.

In the following Tables ^ and e have the same meaning as before, but ap-

plied to nitrous oxide ; I, however, represents the number of volumes which
1000 volumes of nitrous oxide, measured at 0° and 760 millims., would oc-

cupy at the temperature and pressure of the observation. The experiments

were made at the temperatures of 25''-15, 32°-2, 36°-4, 3S°-4, and 43°-8, two
series below, and three above, the critical point, which was found to vary

between 36'^-3 and 36°-7. The appearances were the same as with carbonic

acid.

Table I.—Nitrous Oxide at 25--1.5.

I.
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Table II.—Nitrous Oxido ut 32°-2.

'
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Table III.—Nitrous Oxide at 3ti'-'-4.

s.
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Takle IV.—Nitrous Oxide at 3^'^-k

1

70-8tJ

7-3-49

I 1

i
70-13

! 76-77

Jl
?7-eo

79-19 I

82-10

1

S4-t58

87-13

99-fa

__1_
111-87

1

122-30

152-87

I

157-52

i i

G'-lS

4-61

0-50

4-35

6-o'J

4-89

4-85

4-08

0-10

7-48

8-22

7-i»a

8-10

5-81

75-7» a8-;3'j 14-19

i:;i-w 'J8̂-38

I

1

i4o-3tf

160-58

1

i;'6-o8

2U1-11

524-94

1

i
302-81

1

336-07

1

lo6-.'0

_1
596-'72

419-31

1_
4o2-9i

38-36

38-37

38-3U

38-37

38-45

38-12

38-40

38:33

38;31

38-40

8-0'J

7-85

7-11

6-47

5-67

5-08

3-77

3-39

3-20

2-87

2-72

38-35 2-64

I

4eo-87
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Tabu; Y.— Nitrous Oxide at 4y°-8.

21/

.
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1 d.

i
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2. The pressure required to liquefy the nitrous oxide und the volume of

this gas at the bcgmniug of liquefaction arc variable.

The pressure required to liquefy the gas at 25°-15, recorded in Table I., is

the mean of the following observations :

—

s.
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c.
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there remained a certain quantity, about
7/ij

to ^^ of the entire volume, or

about 3-5 to 5 per cent.

This permanent gas cannot be nitric oxide nor oxygen ; for the current of

nitrous oxide being made to pass successively through strong solutions of siU-

phate of iron and of pyrogallate of potassiiim, these solutions did not change

colour.

The only known permanent gas that could be disengaged is nitrogen. It

is a known fact that nitrate of ammonium, in presence of spongy platinum, is

decomposed at 160° into nitrogen, nitric acid, and water; the same decom-
position of a part of the salt could have been effected by the asperities of the

inner surface of the retort. This quantity of nitrogen would exert a con-

siderable influence on the specific gravity of the gas. The theoretical specific

gravity of pure nitrous oxide is 1-524 ; but being mixed with nitrogen to an

amount of 3-5 to 5 per cent., it should be found much smaller, 1-504 to 1-496

respectively. This result, however, does not accord with actual experiment.

The specific gravity of nitrous oxide, prepared from nitrate of ammonium,
Avas determined according to the method of Bunsen (' Gasom. Methoden,' von
R. Bunsen) ; for that purpose I used a balloon of 200 cubic centims. Four
experiments gave the following results:—1-531, 1-525, 1-529, and 1-527:

the mean value is 1-528, agreeing verj- well with the theoretical specific

gravity of pure nitrous oxide, but giving a difference of 0-024 to 0-032 from

the specific gravity that would have been found if the gas had been mixed
with nitrogen. These differences are too large to be accounted for by ex-

jierimental errors.

An analj-sis of nitrous oxide was made according to a somewhat modified

method of Franklaud and Ward. The hydrogen used in these experiments

was obtained from the electrolytic decomposition of water, and the oxygen
was generated by heating mercuric oxide. To ensure that the mercuric

oxide is free from nitrogen, it must be prepared by i)recipitating corrosive

sublimate with caustic potash.

Three analyses of air gave the following satisfactory results :

—

Nitrogen

Oxygen
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46-69=31-12; therefore the amount of hydrogen required to combine with

the oxygen of the nitrous oxide is 146-23—31-12=115*11 ; hence the

volume of the oxj'gen contained in the nitrous dxide is equal to ii|-!-=57"5;j,

differing by 1"9G per cent, from the calculated volume of oxvgen, -which is

iy:3?=58-()9.

Hence in 100 volumes of nitrous oxide we find :

—

By experinieiit. Calculalod.

Nitrogen 100-52 100
Oxygen 4iJ-02 50

(2) Volume of nitrous oxide iised 116-93

Volume after the admission of hydrogen 266-20

Volume after explosion 151-69

Volume after the admission of oxygen 207-19

Volume after explosion 1 55-71

Hence in 100 volumes of nitrons oxide

—

By expei-Iiiif-nt. Caleiiliited.

Nitrogen 100-38 100
Oxygen 49-14 50

(3) Volume of nitrous oxide usel 126-42

Volume after the admission of hydrogcu 284-38

Volume after explosioii 160-55

Volume after the adm!Fsio:i of oxygon 217-53

Volume after explosion 107-25

Hence in ] 00 volumes of the gas—

•

By experiment. 'Calculated.

Nitrogen ." 100-49 100
Oxygen 49-22 50

(4) Volume of nitrous oxide used 149-39

Volume after the admission of liydrogen 345-92

Volume after cxplo.sion ] 99-65

Volume after the admission of oxygen 326-34

Volume after explosion 252-43

Hence in 100 volumes of the gas

—

By oTpei-iment. Calculated.

Nitrogen lOO-Gti 100
Oxygen '.

. . 49-28 50

IT. Nitroits oxide obtained by lieating nitrate of ammonium.

(5) Volume of nitrous oxide used 128-20

Volume after the admission of hydrogen 297*05

Volume after explosion 171-29

Volume after the admission oi" oxj-gen 229-80

Volume after explosion 166-58

Hence in 100 volumes of the gas

—

By exporiiiu^nt. Calcidatixi-

Nitrogen Imi-T:'. 100

Oxvjrou i-'-4i? 50
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(6) Volume of nitrous oxide iised 123-33

Volume after the admission of hydrogen 283-23

Volume after explosion 102-73

Volume after the admission of oxygen 223-21

V-olume after explosion lGo-09

Ilenco in 100 volumes of the gas—
By expei-inieul. CaU'iilated,

•

Nitrogen 100-54 100

Oxygen 49-12 50

(7) Volume of nitrous oxide used 156-81

Volume after the admission of hydrogen 343-27

Volume after explosion 190-60

Volume after the admission of oxygen 205-66

Volume after explosion 218*80
,

Hence in ] 00 volumes of the gas^—
Bj- experiment. Caleiilalecl.

Kitrogen 101-06 100

Oxygen 49-49 50

(8) Volume of nitrous oxide used 147'50

Volume after the admission of hj'drogen 340-10

Volume after explosion 196-15

Volume after the admission of oxygen 290*78

Volume after explosion . . . ;
220*13

Hence in 100 volumes of the gas

—

By oxppviment. C'aleulateil.

Nitrogen 101-05 100

Oxygen 49-32 50

(9) Volume of nitrous oxide used 165-52

Volume after the admission of hydrogen 303*19

Volume after explosion 200-91

Volume after the admission of oxygen 271-40

Volume after explosion 221-67

Hence in 100 volumes of the gas

—

By experimciit. C';ilciilute(l.

Nitrogen 101-34 100

Oxygen 49*09 50

(10) Volume of nitrous oxide used 100*23

Volume after the admission of hydrogen 357*88

Volume after explosion 2o2*91

Volume after the admission of oxygen 272-54

Volume after explosion 21 1*27

Hence in 100 volumes of the gas

—

By expoi-inieul. CaKuUifeil.

Nitrogen .' 101-14 100

Oxvgcn 48-94 50
^o"-

The only analysis of nitrous oxide I found in Bunsen's ' Gasom. Jlethoden
'

is on page 56. Here Quincke gives the results of nn analysis of nitric oxide,

to which is added a measured o^uantity 'n nitrous oxide in order to effect

the explosion.
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Volume of nitric oxide used 20-99

Volume after the admission of nitrous oxide .

.

102'44

Volume after the admission of hydrogen 233-90

Volume after explosion 123-10

Volume after the admission of oxygen 167-62

Volume after explosion 122-08

Hence we find, on the supposition that the nitrous oxide is pure, the

amount of nitrogen and oxygen in the nitric oxide in 100 volumes :

—

By experiment. Calculated.

Nitrogen .' 52 50
Oxygen 47 50

99" Too
But, on the supposition that the nitric oxide is pure, this analysis gives re-

BultB according with my own.

In 100 volumes of nitrous oxide we find-
By experiment. Calculated.

Nitrogen 100-98 100
Oxygen 49-18 50

The general result of these analyses is :

—

(1) The volume of the oxygen in the nitrous oxide is smaller than the
volume of the nitrous oxide used by 0-61 to 2-13 per cent.

(2) The volume of the nitrogen is larger than the volume of the nitrous

oxide used by 0-38 to 1-66 per cent.

That the volume of the oxygen is smaller than half the volume of the
nitrous oxide used can be explained by the presence of a certain quantity of

nitrogen, ranging from 0-61 to 2-13 per cent., a quantity much smaller than
the total amount of nitrogen mixed with the nitrous oxide, which was found
to be between 3-5 and 5 per cent.

That the volume of the nitrogen contained in the nitrous oxide is larger
than the volume of the nitrous oxide used could be explained by the presence
of a gas containing more nitrogen in a molecule than nitrous oxide, for in-

stance N3 ; such a gas, however, is not known.
It will be observed that these analyses do not agree among themselves

very nearly ; and having been prevented from making more experiments, I
will not venture to draw any conclusions from these results, as more analyses
should be made, chiefly because the apparatus with which they were per-
formed was somewhat defective vdth regard to the diameter of the glass

tubing connecting the absorbing with the measuring tube.

Faraday was the first who observed an anomaly with nitrous oxide ; his

results were very uncertain as to the pressure of its saturated vapour. At a
temperature of 0° F. this pressure amounted to 19-05 atmospheres when
working from lower to higher temperatures ; but after waiting a day he found
24-40 atmospheres, consequently a difterence of 5-35 atmospheres. This dis-

crepancy he ascribed to the gas being a mixture of two different bodies solu-
ble in each other but differing in the elasticity of their vapour.

Stefan (Sitzungsber. der K. Akademie der Wissenschaften zu Wien, Bd. Ixxii.

1875), in his researches on heat-conduction of gases, also found the nitrous
oxide mixed with another gas. He says, " Von diesem Gase wurde vor dem
Abschlusse der Durchleitung durch den Apparat eine Probe in einer Absorp-
tionsrohr iiber "Wasser aufgefangen. Nach zwei Tagen war das Gas bis auf
cinen etwas iiber 10 Procent des urspriinglichen Volumens betragenden
Biickatand (Stickstoff) verschwunden."
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Eighth Report of the Committee on the Treatment and Utilization of
Sewage, reappointed at Bristol, 1875^ and consisting of Richard
B. Grantham (Chairman), C.E., F.G.S., Professor A. W. Wil-
liamson, F.R.S., Dr. Gilbert, F.R.S., Professor Corfield, M.A.,
M.D., William Hope, V.C, F. J. Bramavell, C.E., F.R.S., and
J. Wolfe Barry, C.E.

YouE Committee have duriug the past year, ending 24th March, 1S76, been

able to conduct more complete observations at Breton's Farm, near Romford,

and have been also able to test experimentally the value of last year's obser-

vations by having analyses made of samples of sewage and effluent water

kept under various conditions. The expense attending this year's experi-

ments has been generously borne by a Member of the Association.

From Table I. it appears that the quantity of sewage received from the

town was greater than in any year during the period over which the Com-
mittee's observations extend, not excepting the year 1872-73, when the rain-

fall was larger by 3 inches than this year ; it is therefore clear that the quan-

tity of sewage proper received from the town has increased steadily year by

year, thus :

—

Year. Sewage. Eaiufall.

1870-71. i tons.

June li to July 1 5. 1 583,936

(399 '•ap).
!

I

1871-71.
;

. .

March 25 to Moroli 24. 416.787

1872-73. :

Sfarch to Mareli. : 479.941

1873-74-

I

Marcli to Marcli. not gauged.

j

1874-75-
March to March. 482,335

I
i

t 1875-76. *

I
March to March. ! 546,982

inches.

22-64

2i*56

2989

not gauged.

1979

-^675

It should be observed again that, as stated in last year's Report, it has not

been possible during the past two years to gauge the sewage directly in the

distributing-trough, and so the amount is calculated as follows:—the "day"
sewage from gaugings taken in the sewers during the working hours of the

engine, and the "night" sewage from the difference in the contents of the

tanks at the times of stopping and starting the engines night and morning.

It is worthy of note that while the weekly average of the noonday atmo-

8i)heric temperatures varied from 31° to 79°rahr., the average temperatures

of the sewage only varied from 55° to 70° Fahr.

Table II, is given again after a lapse of two years, during which it was
impossible for want of funds to have a sufticicnt number of analj'ses made.

1876. a
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It appears that during the months of June, July, August, and September

little or no nitrogen as nitrates or nitrites was found in the effluent water

;

and from this it might hastily he concluded th'at for some reason or another

the usual amount of oxidation had not gone on in the soil ; hut the fact turns

out to he that ozahc acid had been added to the samples (both sewage and

effluent water) of these months with the view of preyenting oxidation going

on in them during and after collection, and this prevented the estimation of

nitrogen in these forms by the process used.

To test this some experiments were made as follows :—The October efflu-

ents, to which no oxalic acid had been added, gave 0*49 of nitrogen as nitrates

or nitrites per 100,000 parts ; to 500 cubic centimetres of this effluent 0-5

grain of oxalic acid was added, and the mixture allowed to stand for five

days ; no nitrites could then be discovered in it. Again, the effluent water col-

lected at Breton's during June 1876 was examined as follows :
—" One portion

of it was analyzed, taking the sample from the full bottle ; at the same time

another portion was poured ofi' into a bottle, filling this bottle quite full, and

to this portion 18 grains of solid oxalic acid was added and this allowed to

stand for seven clear days, then analyzed. It was kept in a cool cellar. The

18 grains of oxalic acid to the quantity taken is in the proportion of 2 oz. to

the carboy of 12 gallons.

At
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It is remarkable how little the true average composition of the sewage

differs from the results obtained in previous years ; and the Committee con-

sider that this circumstance affords considerable proof of the accuracy of their

methods of sampling, the principle of which has always been that the samples

should be taken in proportion to the amount of flow at the time ; thus the

amount of nitrogen in parts per 100,000 in the sewage has been, according

to the calculations from the results of the gaugings and analyses, as follows :—

1871-7^.
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This shows that the total amount of nitrogen in the solid mutt«r contained

in a sample of sewage or of effluent water is not altered by keeping, provided

the bottle be well filled. It is worthy of 'note that the nitrogen in the

effluent water was almost all converted into nitrates*.

In order to ascertain the effect of keeping sewage in unfilled bottles, the

following experiments were made. The remnants of the January sewage

and effluent water, which had been left in the bottles, were analyzed again

on July loth, 1876, and the sewage again on July 31st, and the following

results obtained:—

•

Description of Sample.
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the town from time to time. The cnlculated amounts for the past years arc

as Ibllows :

—

i'ear.
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amount than last year ; this is equivalent to SO'Si per cent, of that received

in the sewage.

The Table shows that 139 lbs. of nitrogen were recovered per acre over the

aggregate acreage under crop during the year, viz. 147-87 acres ; it will,

however, be more correct and of greater practical utility to show the amount

of nitrogen recovered in the crops per acre of the fai'm under crop, viz.

108-44 acres, during the past five years.

In the following Table the amount of nitrogen applied to the farm in the

Bewage and that recovered in the crops is shown for each of the last five

years ; and it appears that the amount of nitrogen recovered in the crops

during the whole period is equal to 32-88 per cent, of the amount applied in

the sewage, and that the amount recovered per acre of the farm under crop

averaged 182 lbs.

Year,



Table I.

—

Breton's Smuge-Farm.

Statement of Weekly Quantities of Sewage received on the Farm from the

Town of Romford, from March 25, 1875, to March 24, 1876.

No. of

weekly
return.

Dates (inclusive).

252.

253.

254.

255.
25^.

257.
25S.

259.
260.

261.

262.

263.

264.

265.
266.

267.

s68.

269.

270.

271.

272.

273.

274.

275-

276.

277.

278.

279.
280.

2S1.

282.

283.

284.

285.

236.

287.

288.

289.

290.

291.

202.

293.

294.

295.

296.

207.

298.

299.
300.

301.

302.

3°3-

1875. March 25 to Murtli 28

„ „ 29 „ April 4
„ April s „

11 »» 12 ,, I

Average
noonday
tempe-
rature.

Kainfall

during

week.

May

June

July

Aug

Sept.

Oct.

Nov.

Dc

1876. Jau.

Feb.

19 >' "
26 „ May
3 >i »'

10 ,, „

17 ..

24 .. ..

31 „ June

7 II n
^4 II 11

21 •> I.

28 „ July

5 II I*

12 fj ,j

19 >i ..

26 ,, Aug.

2 J, J.

9 13 II

16 •> I.

23 I. >i

30 „ Sept.

6 „ 11

13 ..

23 )i II

27 ,, Oct.

4 II II

II ,.

18 ,, ,1

25 11

I „ Nov.

i> II

15 II 'I

22 ,f ,1

29 ,1 Dec.

6 „ „

13 ..

20 II

27 ,, Jan.

3 II II

10 „ „

17 >. "

24 II II

31 „ Feb.

7 »» »»

1^

2

1

,',' 28 ,',' March 5

M:".rch 6 „ „ 12

„ 13 .. .1 19

„ 20 „ ,, 24

II ..

18 ..

25.
2 .

9
16.

23-
30,
6.

13 •

20 .

27
4-
II .

18.

25-
I .

8 .

15 •

2.2

29.

s •

12

.

19.
26

.

3

10

.

17'

24.

3!

7

14
21
f- >'

-o

5

12

19
26

2, 1876

9
16

23

30
6

13

20

27

°F.

54
52

SI
5°

57
64
62

69
62

64

71

64
64
66
65

67
61

67,

71

72

74
79
69

6S
71

69
63
62
60

54

S3

45
51

44
49
36

33

37
i.o

48

45
37
31

43
46

44
35
50

49
50

47
43
a6

in.

O'lO

0-07

0-82

O'OO

0'33

0-57
'0-38

O'OO

0-34

0'2I

o-oo

0-94

0-37
0'02

I '44
o'4i

2-63

116
0-09

O-QO
0'20

0-38

0-45

012
o-ii

0"00

1-98

i'09

o-o8

0-37

2-35

0-17

072
2-31

0'22

0-07

0-40

020
c-oo

0-31

013
0-2I

0'09

0-31

o'03

0-37

O'OO

0'64

0'55

0-79

095
o'Sg
0-28

Sewage
delivered

on farm.

Total

,

26-75

Total .

Tons .

gallons.

1,061,000

1,970,000

2,429,000
2,025,000

1,783,000
2,051,000

2,173,000

1,803,000

2,147,000

2,135,000

1,959,000
2,078,000

2,036,000

1,951,000

2,723,000

1,937,000

2,898,000

2,626,000

2,005,000

1,839,000

1,981,000

2,388,000

2,081,000

2,069,000

2,083,000

2,242,000

3,121,000

2i433.ooo

2,315,000

2,087,000

3,662,000

2,709,000

2,513,000

2,955,000
2,688,000

2,510,000
2,260,000

2,551,000
2,420,000

2,439,000

2,484,000

2,752,000
1,803,000

2,414,000

2,150,000

2,587,000

2,145,000

1,464,000

2,685,000

2,640,000

2,857,000

2,572,000

1,835,000

Average
tempe-
rature

thereof.

122,524,000

546,982

°F.

55
56

59
62

63

63

63

64
65
65
66

67
66

69
66

69
63
63
66

69
69
68

68

67
70
68

69
66

64
64
66
60
61

62
61

57

57

57

S3
57

57
59

57

59
60
60

58

59

59
60
60
5S

58
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Tablk II.

—

Breiott's >Semi(/e-Farin.

Statement showing llesults of Monthly Analysis of Sewage as pumped and of

Effluent Drainage-water, from March 1875 to March 1876.

Besults given in parts per 100,000.
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Tablk III.

—

Breton's Sewage-Farm.

Statement showing the Monthly Quantities of Sewage and Effluent "Water

distributed on the Farm, and the Nitrogen contained therein,

from March 25, 1875, to March 24, 1876.
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—

1876.

*
Table IV.

—

Breton's

Statement sliowing Crops grown from

Plot.
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Sewaffe-Farm,

March 25, 1875, to March 24, 1876.

Date when cut or
gathered.
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Taulk IV

i 1

p, . No. of beds

;

^^°^-
(inclusive).

1



ox THK TREATMEhft AND UTILIZATION OF SF-W.^QB. 2S7

(fonthnied).

Date when cut or
gathered.
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Table IY.

Plot.



ox THE TREATMENT AND UTILIZATION OF SEWAGE. 239

(continued).

Date when cut or

gathered.

Sept. 1875 '

Sept. 1875 ,

March 1876

Aug. 187s ...

March 1876

Produce.

Total.

tons.

518

Per acre.

tons.

2*2

i'9o

713

071

8-22

685

2'2

iS-8

2-8

3'2

3-2

27

Eemarks.

Including 376 tons straw. Plot fallow

at end of year.

Including 376 tons straw.

Oziers remain.

Plot nearly all fallow at end of

year.

Bhubarb remains.

Including 578 tons straw.

Sept. 1875

1507 5"9 Plot fallow at end of year.

11-88 Including 8*io tons straw. Plot fal-

low at end of year.

June & July 1875
March 1876

5-09

10-52

1-9

3-8
Including 3-70 tons straw.

Sept. 1875,

1561 57 Plot fallow at end of year.

June and Sept. 1875 ...

7-44 i"9 5-20 tons straw. Plot fallow at end
of year.

83-80

37

4'a

i8'5

Two crops. Grass remains.

iiMailiM'^iMeaMnflaeMapwiiijai



2W HfipoRT—1876.

Table V.—Breton's Seiva<je-Fann.

Season 1875-76.—Summary of Cropping lleturn.

Plot.

A

B

C

D

E

P

a

H

I

K

L

M

N

O

P

Q

R

S

u

V

w
X

r

various

Acreage.

9-80

1212

1*97

6-93

#5-76

3-82

*S'»7

» 6*40

667

4'44

287

3-17

41S

5-92

3-50

*'34

2*52

0*22

S'93

275

386

560

O'20

108-64

Crops.

Produce.

Total.

Mangold and cabbage

Barley and Italian rye-grass

Oats and cabbage

Cabbage, kohl rabi, hardy greens, sprout,

ing broccoli.

Italian rye-grass

Cabbage, spinach, hardy greens, and cab-

bage-plants.

Italian rye-grass

Italian rye-grass

Barley and turnips

CauUflowers, spinach, cabbage, hardy
green plants, sayoy, Brussels sprouts,

Beans

Peas, sprouting broccoli plants, and kohl
rabi.

Mangold

Carrots

Oats and sprouting broccoli

Beans

Beans and oziers

Rhubarb

Oats and sprouting broccoli

Beans

Peas and sprouting broccoli

Beans

Hay

Oziers

tons.

469'4i

5032

776

109'56

3337*

6493

250-56

341-48

3477

52-50

54*

22-67

184-90

8o-8o

15-36

5-i8

7-13

071

15-07

11-88

15-61

7'44

23-80

•3-70

Total
I

2114-68

Per acre.

tons.

47 9

4'i

3'9

15-8

57-9

17-0

485

53-4

nS

1-9

7'i

44-6

13-6

4'4

2-2

2-8

3'»

59

2-0

S7

>-9

4»

I9"S

• See Not« at foot of Table VI.
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Table VI.

—

Breton's Sewage-Farm.

Summary of Crops gathered from March 25, 1875, to March 24, 1876,

showing the quantity of each kind of Produce and Nitrogen contained therein.

Crop.

Italian rye-grass

Hay

Oziera

Cabbage

Hardy greens

Savoys

Brussels sprouts & cabbage

Broccoli

Spinach

KohlEabi

Cauliflowers

Beans

Peas

Carrots

Turnips

Mangold

Oats

Barley

Rhubarb

Total
acreage

of each

descrip-

tion of

crop.

Produce of each crop.

Total.

*29-45

5"6o

0*32

I4.-86

377

0-83

0-40

io'6o

1"24

2'64

'•57

17-40

5-64

5-92

6-67

13-95

8-00

1879

0'22

147-87

tons.

94392

23-80

5-60

i49'S4

43-27

7'57

4-40

36-55

3-25

16-91

6-92

35-15

r peas 3-04

\ straw 7-92

8o-8o

i6*o6

654-31

("grain 7-94

I straw 16-15

f grain 18-54

[straw 32-33

0-71

2114-68

Per acre.

tons.

32-1

4-2

17-5

lo-i

11-5

9-1

ii-o

3-4

2-6

6-4

4-4

2-0

0-5

1-4

13-6

2-4

46-9

10
2-0

i-o

1-7

3-2

14-3

Total Nitrogen estimated
to be in crops.

Per cent,

0-54

2-00

0-25

0-25

0-25

025

0-25

0-25

°-375

0-25

0-50

3-40
0-80

0-20

0-18

0-25

2-00

0-60

1-60

0-50

0-2

Total.

lbs.

11,418

1,066

63

837

242

42

25

205

18

142

39

394

232
J42

362

65

3,664

355
217
665
362

Per acre,

20,558

lbs.

388

190

196

56

64

51

62

'9

15

54

25

23

66

61

10

263

72

55

14

139

* This acreage of Italian rye-grass includes not only the 17-33 acres of plots B, G, and
H (marked * in Table V.), but also the 12-12 acres of plot B, which were sown, according
to the usual practice, for the following year's use, and from which only one very light
cutting was t^ken.

1876.
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Table VII.

—

Breton's Seiuage-Farm.

Statement of Land in crop and Land lying fallow on March 24, 1876.

Plot.
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Improved Investigations on the Flow of Water through Orifices, with
Objections to the modes of treatment commonly adopted. By Prof.
James Thomson, LL.D., D.Sc.

[A communication ordered by the General Committee to be printed in extenso among
the Keports.]

The methods usually put forw^ard for treating of the flow of water out of
vessels b}- orifices in thin plates, slightly varied though they may be in different

cases, are ordinarily founded on assumptions largely alike in these different

cases, and largel}' erroneous. The theoretical views so arrived at, and very
generally promulgated, are in reality only utterly false theories based on sup-
positions of the flow of the water taking place in ways which are kinemati-
caU}' and dynamically impossible, and are at variance with observed facts of

the flow, and even at variance with the facts as put forward by the advancers
themselves of those theories. The admittedly erroneous results brought out
through those fallacious " theories," and commonly miscalled " theoretical

results," are afterwards considerably amended by the introduction into the
formulas so obtained of constant or variable coefficients, or otherwise, so as
to be brought into some tolerable agreement with experimental results.

These means of practical amendment, however, being themselves not estab-
lished on any scientific principles, can at best only conduce to the attainment
of useful empirical formulas, but cannot, by their application to the orio-i-

naUy false theoretical views, come to develop any true scientific theory. A
theory may, no doubt, be regarded as a good scientific theory, and as bein»
good for practical purposes, which leaves out of account some minor features
or conditions of the actual facts. In so far as it leaves any influential

elements out of account, it is imperfect ; but if the conditions which, for
simplicity, or from want of complete knowledge of the subject, or for any
other reason, are left out be of very slight influence on the practical results

in question, the theory may be regarded as a very good one, though not quite
perfect. In the case, however, of the hydraulic theories now referred to, the
false principles involved in the reasonings relate to the main and important
conditions of the flow, and not to anj' mere minor considerations, the imper-
fections or errors of which might be of but slight importance in the develop-
ment of the main principles involved, and but little influential on the results

sought to be attained.

I will now proceed to give some examples or sketches of the usual
methods of treating the subject.

I will first take the case of water flowing from a state of rest through an
oiifice in a vertical plane face. This case is ordinarily treated bj' supposing
the orifice to be divided into an infinite number of infinitely narrow horizontal
bands of area, and supposing the velocity of the water in each l)and to be
that due, through the action of gravity, to a fall from the still-water smi'ace-
level down to that band ; then multiplying that velocity by the area of the
band, and treating the product as being the volume flowing per unit of time
across that horizontal band or element of the area ; and integrating to find

the sum of all these volumes of water for all the bands, and treating this

sum as being the " theoretical" volume per unit of time flowing across the
whole area of the orifice. This result is commonly called the " theoretical

discharge " per unit of time ; but, as it is known not to be the actual dis-

charge, it is then multiplied by a numerical coefficient called by some " the

r2
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coefficient of contraction.'' and by others the " coefficient of cKscharf/e," in order

to find the actual discharge per unit of time.

Th\i.s for the case of a rectangular orifice in a vertical plane face, as in

fig. 1—where AY L is the level of the still-water surface, and A B C D is the

Fijr. 1. Fig. 2.

vr
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the same dii'ectiou at diiferent parts ; and the assumption of the velocity

being the same throughout, together with the assumption tacitly implied of

the direction of the motion being the same throughout, vitiates the reasoning

very importantly. It is thus to be noticed at the outset that the division of

the orifice into bands, infinitely narrow iu height, but extending horizontally

across the entire orifice, cannot lead to a satisfactory process of reasoning, and
that the elements of the area to be separately considered ought to be infinitely

small both in length and in breadth.

iiecondli/. For anj' element of the area of the orifice infinitely small in

length and breadth it is not the velocity of the water at it that ought to be
multiplied by the area of the element to find the volume flowing per imit of

time across that element, but it is only that velocity's component which is

normal to the plane of the element that ought to be so multiplied.

Thirdly. Whether, for any element of the area of the orifice, we wish to treat

of the absolute velocity of the water there, or to treat of the component of that

velocity normal to the plane of the orifice, it is a great mistake to suppose
that the velocity at the element is that due by gravity to a fall from the still-

water surface-level of the pent-up statical water down to the element. The
water throughout the area of any closed orifice in a plane surface, with the

exception of that flowing in the elements situated immediately along the

boundary of the orifice, has more than atmospheric pressure ; and hence it can

be proved * that it must have less velocity than that due to the fall from the

still-water surface-level down to the element.

The foregoing may be illustrated by consideration of the very simple case

of water flowing from a vessel through a rectangular orifice in a vertical

plane face, two sides of the rectangle being level, and the other two vertical,

and end contractions being prevented by the insertion of two parallel guide
walls or plane faces, one at each end of the orifice, and both extending some
distance into the vessel perpendicularly to the plane of the orifice, so that

the jet of issuing water may be regarded as if it were a portion of the flow

through an orifice infinitely long in its horizontal dimensions.

Thus if the jet shown in section in fig. 3a be of the kind here referred to,

whileW L is the still-water surface-level, the so-called " theoretical velocities"

at the various depths in the orifice, which are dealt with as if they were in

directions normal to the plane of the orifice, can be, and very commonly are,

represented by the ordinates of a parabola as is shown in fig. 36, where B D
represents in magnitude and direction the "theoretical velocity" at the top of

the orifice, C E the " theoretical velocity " at the bottom of the orifice, and
F G that at the level of any point F in the orifice—these ordinates being each

made = ^2gh, where h is the depth from the still-water surface down to the

level of the point in the orifice to which the ordinate belongs. Then, under
the same mode of thought, or same set of assumptions, the area of that

parabola between the upper and lower ordinates (B D and C E) will represent

what is commonly taken as the " theoretical discharge " per unit of time
through a unit of horizontal length of the orifice. But this gives an exces-

sively untrue representation of the actual conditions of the flow. Instead of

the parabola, some other curve, very different, such as the inner curve

sketched in the same diagram, fig. 3h, but whose exact form is unknown,
would, bj- its ordinates, represent the velocity-components normal to the

plane of the orifice for the various levels in the orifice, and its area would
represent the real discharge in units of volume per unit of time through

* Theorem I., further on, will aflbril proof of this.
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3 a, Fig. 3.
'

3 6.

a unit ol liorizontal length of the orifice. Although the exact form of this

true curve is untnown, yet we maj' observe that it must have its ordinates

each less than the ordinate for the same level in the parabola.

The truth of this may be perceived through considerations such as the

following. First, it is to be noticed that for the very top and the very bottom

of the orifice, instead of the ordinates B D and C E of the parabola, the ordi-

nates of the true curve must be each zero ; because, at each of these two

places, the direction of the motion is necessarily'tangential to the plane of the

orifice *, and so the velocity-component normal to the plane of the orifice

* The assertion here made, to the efTect that the directions of the stream-lines which

form the external surface of the jet on its leaving the edge of the orifice must, at the edge,

be tangential to the plane of the orifice when the orifice is in a plane face, or must in

general be tangential to the marginal narrow band or terminal lip of the internal or water-

confining face of the plate or nozzle in which the orifice is formed, can be clearly and easily

proved, although, strangely, the fact has been and is still very commonly overlooked.

Even MM. Poucelet and Lesbros, in their delineations of the forms of veins of water

issuing i'rom orifices in thin plates, after elaborate observations and measurements of those

forms, represent the surface of the issuing fluid as making a sharp angle with the plane

wetted face in leaving the edge ("Experiences Hydrauliques sur les Lois de I'Ecoule-

ment de I'Eau," a Memoir read at the Academy of Sciences in November 1829, and pub-

lished in the Memoires, Sciences Mathematiques et Physiques, tome iii.). Other writers

on Hydraulics put forward very commonly representations likewise erroneous. Weisbach,

for instance, in his valuable works (Ingenieur ur.d Maschinen-Mechanik, vol. i. § 313, fig.

427, date 1846 ; and Lehrbucli der theoretischen Mechanik, 5th ed. date 1875, edited by
Hermann, § 433, fig. 772), has assumed (not casually, but with deliberate care, and after

experimenial measurements made by himself), as the best representation which, with avail-

able knowledge of the laws of contraction of jets of water, can be given for the form of the
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must be zero ; and that component, not the velocity itself, is what the

ordinate of the true curve must represent. On the hj'pothesis of perfect

fluidity in the water (which, throughout the present discussions and investi-

gations, is assumed as being a close enough representation of the truth to

form a basis for very good theoretical views), the velocities at top and bottom
of the orifice will be those due by gravity to falls from the still-water surface-

level down to the top and bottom of the orifice respectively, because at these

places the water issues really into contact with the atmosphere, and
consequently attains atmospheric pressure. At all intervening points in the

plane of the orifice it maj' readily be seen, or may with great confidence be
admitted, that the pressure will be in excess of the atmospheric pres-

sure ; because, neglecting for simplicity the slight and, for the present

purpose, unimportant modification of the courses of the stream-lines caused by
the force of gravity acting directly on the particles composing the stream-
lines, as compared with the courses which the stream-lines would take if the

action of gravity were removed, and the water were pressed through the

orifice merely by pressure applied, as by a piston or otherwise, to the fluid

in the vessel, we may say, truly enough for the present purpose, that an
excess of pressure at the convex side of any stream -line is required in order

that the water in the stream-line can be made to take its cui-ved path. The
mode of reasoning on this point suggested here may be obvious enough,
although, for the sake of brevity, it is here not completely expressed. It fol-

lows that at all these intervening points in the plane of the orifice the absolute

velocity of the water will be less than that due to a fall from the still-water

surface down to the level of the point in the orifice ; and besides, at aU depths

in the plane of the orifice except a single medial one, the direction of the

flow will be oblique, not normal, to the plane of the orifice. Hence,
further, through these two circumstances, jointly or separately as the case may
be, it follows obviously that the ordinates of the true curve will everjTvhere

be less than those of the parabola.

Fig. 4 illustrates in like manner the false theoretical and the true actual

conditions of the flow over a level upper edge of a vertical plane face, which
may be exemplified by the case of a rectangular notch without end contrac-

tions, or of a portion of the flow not extending to either end in a very wide
rectangular notch. In this case it is to be observed that the ordinates at

and near the top of the issuing Avater in the vertical plane of the orifice

must be only slightly less than those of the parabola—because, at the very

top or outside of the stream, atmospheric pressure is maintained throughout

the length of any stream-line, and so the velocity will be very exactly that

due by gravity to the vertical depth of the flowing particle below the still-

water surface-level in the vessel ; and because, also, the direction of the

contracting vein of water issuing from a circular orifice in a thin plate, a solid of revolu-

tion specilied clearly in such a way that the water surface in leaving the plane of the plate

makes an angle of about 67° with that plane, and states to the effect that that water sur-

face is just a continuation of the paths of the stream-lines within the vessel which he
represents at the margin of the orifice as crossing the plane of the orifice with conrerging
paths making the angle already mentioned of about ti7° with that jslane. They ought in
reality to leave the lip tangentially to the plane, and then to make a very rapid turn in a
short space (or to have a very small radius of curvature) on just leaving the lip of the
oiiflce. The prevalence of erroneous representations and notions on this subject was
adverted to, and an amendment was adduced, by myself in a Report to the British Asso-
ciation in 1861 on the Gauging of Water by V-Notches (Brit. Assoc. Rep. Manchester
Meeting, 1861, part 1, p. 156).
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4«. Fig. 4. 4 6.

motion does not deviate mucli from perpendicularity to the plane of the

orifice. Lower down in the plane of the orifice the direction of the

water's motion will approach still more nearly to being perpendicular to

that plane ; bnt there the pressure will be considerably in excess of the

atmospheric pressure, and so the velocity will be considerably less than that

due by gravity to a fall through the vertical distance from the still-water

surface-level down to the stream-line in the plane of the orifice. At places

still further down in the orifice the flow comes to be obliquely upwards

;

and this obliquity is so great as to render the normal component very

much less than the actual velocity, while the actual velocity itself is

less than that due by gravity to the depth of the particle below the still-

water surface-level. At this region of the flow then, for both reasons, the

ordinates of the time curve are less than those of the parabola. Lastly, at

the very bottom of the orifice, or immediately over the top of the crest of

the notch, the water issues into contact with the atmosphere, and so attains

to atmospheric pressure, and must therefore have the velocity due by gravity

to its depth below the still-water surface-level. Here, however, its direction

of flow is necessarily tangential to the plane face of the vessel from which
it is shooting away, and consequently is vertically upwards. Hence the

normal component of its motion is zero, and so the ordinate of the true

curve at that place is zero in length, instead of the normal component
being greater at the bottom of the orifice than at any higher level, and
instead of that component being properly represented by the ordinate there

of the parabola.

Like explanations to those already given might be offered for other forms

of orifices (for circular or triangular orifices or V-notches, and for orifices

in general which may be in vertical or horizontal or inclined plane faces,

or in faces of other superficial forms than the plane), and it might be

shown that in general the ordinary modes of treating the subject are very

faulty.

The examples already discussed may suffice to direct attention to the

faulty character of the ordinarilj^ advanced theories, and to give some sug-

gestions of directions in which reforms are requisite.

I will now proceed to offer some improved investigations which are appli-
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cable to many of the most ordinary and most useful cases iu practical

hydraulics, in reference to the flow of water through orifices in thin plates,

or from the wetted internal surface of vessels terminating abruptly in

orifices. In devising and arranging these investigations I have aimed at

putting them in such form as that they may be intelligible and completely

demonstrative to students even in the early stages of their progress in

d3'namical studies.

Definition.—The free level for any particle of water in a mass of statical

or of flowing water is the level of the atmosphei-ic end of a column, or

of any bar straight or curved, of particles of statical water, having one end

situated at the level of tlie particle, and having at that end the same pres-

sure as the particle has, and having the other end consisting of a level

siirface of water freely exposed to the atmosphere, or else having other-

wise atmospheric pressure there ; or briefly we may say that the free level

for any particle of water is the level of the atmospheric end of its pressure-

column, or of an equivalent ideal pressure-column.

Theorem I. —In the case of steady flow from approximate rest of water

or any liquid considered as frictionless and incompressible, the velocity of any
particle in the stream is equal to the velocity which a body would receive in

falling freely from rest through a vertical space equal to the fall of free level

tvhich is incurred by the pirticle in the stream dunng its flow from rest to its

existing p)Osition.

Or, in briefer words sufficiently suggestive, it may be said that, in respect

to water or any liquid flowing so as to admit of its being regarded as truly

enough frictionless and incompressible. In steady jhw, the velocity generated

from, rest is that due by gravity to the fall offre.' level.

Or if 'Q be the fall of free-level sustained by any particle in passing from

a statical region of the mass of water to a point in the region of flow, and

if V be the velocity of the particle when at that point, then

In fig. 5, let W L be the still-water surface-level, and let B'BB" be a

Fig. 5.
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bounding interface separating the region' of flow with important energy of

motion from the region which may be regarded as statical, or as devoid of

important energy of motion. Let U' U U" be another interface crossing the

stream-lines at any place in the region of flow.

Now taking as the unit of volume the cube of the unit of length, taking

as the unit of area the square of the unit of length, taking the unit of

density as unit of mass per unit of volume, so that the density of a body
will be the number of units of mass per unit of volume, taking as the unit

of force the force which acting on a unit of mass for a unit of time

imparts to it a unit of velocity (that is to say, using the unit of force

selected according to the system of Gauss, and which is often called the
" absolute " or the " kinetic " unit of force *), and taking water-pressures

as being reckoned from the atmospheric pressure as zero, let

p = density of the water
;

V= velocity at U ;

/ij= pressure-height at B, or the height of a column of statical water

which would produce the pressure at B ;

h= pressure-height at U ;

^j= pressure in units of force per unit of area at B
;

/)= pressure in units of force per unit of area at TJ ;

/= fall from B to U, measured vertically

;

5 = fall of free level in the flow from the region of statical water to U ;

then

and
p=gph.

Let a small mass, m, of the water, whose volume (or content voluminally

considered) is denoted by c, be introduced into the stream, its first place

being at B just outside of the initial interface B' B B", and let it flow forward

in the stream tiU it reaches a second place at U where it is just past the inter-

face U' XJ TJ". In the stream filament B U E the space between the two inter-

faces at B and TJ is traversed alike by both front and rear of the small mass

m ; and therefore no excess of energy is given or taken by the mass in conse-

quence of the pressure on its front and of that on its rear, for the passage

of its front from the interface at B to that at TJ, and of its rear over the

same space.

* The units of force derivable by the method of Gauss from the various units of

length, mass, and time, in common use, though spoken of imder general designations such

as "absolute tmits offorce" or "kinetic units offorce," have until lately been individually

anonymous: and this deficiency, notwithstanding the important scientific and practical

uses which these units were capable of serving, has been a great hindrance and discou-

ragement to their general employment in dynamical investigations, aud even to any satis-

factory spread of knowledge of their meaning. Three years ago, the British-Association

Committee on Dynamical and Electrical Units (Brit. Assoc. Report, 1873, part I, p. 222),

taking the centimetre, the gram, and the second as units of length, mass, and time,

named the force so derived tlie Dyne. For the unit of force derived from the foot,

the pound, and the second, the name Powndal has been introduced by myself ; and it

seems likely to come into use. At this Meeting of the British Association I have proposed

the Crinal and the Funal as names for the two imits of force derived respectively, one

from the decimetre, the kilogram, and the second, and the other from the metre, the

tonne, and the second (see Proceedings of Section A in the present volume). The
familiarization of these important units to the minds of students of dynamics will,

in a very important degree, aid the acquisition of clear and true views in hydrokinetics,

as also in dynamics generally.
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But work given to it by pressure from behind, while it is passing the

initial interface at B, is

=gp\.c;

or that work is

=gm\,

since pc=m.
Again, during the emergence of the mass past the interface at U, it gives

away to the water in front of it a quantity of work which, in like manner, is

=p . c

= (jpll . c

= gmh.

Also during the passage of the particle from its first place at B to its place

at U it descends a vertical space = /; hence during that passage it receives

from gravity a quantity of work = gmf.

On the whole the mass receives an excess of work beyond what it gives,

and that excess of work received is

=gm\-\-cjmf-gmh

=gm{7i^+f-h)
=gmi; ;

and as this is the work taken into store as kinetic energy, we have to put it

= «f. That is,

or V =>/^'

which is the result that was to he proved in Theorem I.

Theorem II.

—

On the Flow of "Water through Orifices similar in form

AND SIMILARLY SITUATED RELATIVELY TO THE StILL-WaTER SuRFACE-LeVEL. III

the flowing of water, from the comUtioii of approximate rest, through orifices

similar in form and similarly situated relatively to the still-ivater surface-

level* , the stream-lines in the different flows are similar in form: also the

velocity of the water at homologoiis places is proportional to the square root of

any homologous linear dimension in the different flows : and also (2iressures

henig reckoned from the atmospheric pressure as zero) the pressure of the water

on homologous small interfaces in the different flows is proportional to the cube of

any homologous linear dimension; or, in other words, the fluid pressure (super-

atmospheric), per unit of area at homologous places, is proportional to any

homologous linear dimension.

Preparatively for the demonstration of this theorem, it is convenient to

establish some dynamic principles, which, for present purposes, may he

regarded as lemmas or preparatory pro])03itions, and which will be grouped

here together under the single heading of Proposition A.
_

Proposition A.

—

If there he two or more vessels containing ivater pent xip in

an approximately statical condition, and if they have similar orifices similarly

situated relatively to the free level of the statical water—and if we imagine the

* Or free level of the still water.
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water to be guided in each case to and onwhrd past the orifice by an infinite

number of infinitely small frictionless yiiide-tubes arratufed side by side, like

the cells of a honeycomb, and having their walls or septums * of no thiclness—
and if, in the different vessels, these guide-tubes be, one set to another, similar
in form, though they may he of quite different forms from the forms ivhich the

stream-lines wotdd themselves assume if the fioivs were unguided—and if, at

the homologous terminations of the guide-tubes, fiuid pressures be anyhow main-
tained 2iroportioaal, per honiologous areas, to the cube of any homologous linear

dimension, or, what is the same, if pressures be maintained proportional,

per unit of area, to the homologous linear dimension,—then the velocity of
the water at homologous places will be proportional to the square root of the

homologous linear dimension, and the pressure of the ivater at homologous
places on homologous areas ivill be proportional to the cube of the homologous
linear dimension ; and the ivater will press, at homologous places, on homo-
logous areas of the septums, tvith a force on one side in excess of that on the

other, which tvill he proportiorud. to the cube of the homologouslinear dimension.
Note.—For brevity in what follows, pressures at homologous places on

homologous areas will be called homologous pressures, and pressures per unit
of area will be called unital pressures ; and any difference of the fluid pres-
sures on the opposite sides of any small portion or element of a septum will

be called a differential pressure.

The demonstration of the proposition will be aided bj fii'st noticing the
following relation in respect to two small solid masses in motion. It' two
similar small solid bodies of masses m and m', having their homologous linear

dimensions as 1 to n, are guided to move along similar curves, having likewise
their homologous linear dimensions as 1 to n (fig. 6), and if the velocities of

the bodies at homologous points in their paths be as 1 to Vn , then

—

First. Their gravities are as 1 to n^, evidently.

Second. Their "centrifugal forces "f applied by them in the plane of
curvature and normally to the guide are also as 1 to n^.

Let r and r be put to denote the radii of curvature of the paths at homo-

logous places. Then centrifugal forces are as
r

But

mv m V

m'^n^m,

v'=^n . V,

r z=yir.

* The English form for the plural of septum, when septum is used as an English word,
is here purposely preferred to the Latin sepfa.

t The name " centrifugal force" is here adopted in the sense in which it is commonly
used. I fully agree with the opinion now sometimes strongly urged to the effect that
this name is not a very happily chosen one ; for two reasons :—first, because the name
centrifugal would be better applied to a moticm of flying from the centre, than to a force
acting outwards along the radius ; and secondly, because the body really receives no out-
ward force, no force in the direction from the centre, but receives a centreward force which,
being unbalanced, acts against the inertia of the body, and diverts the body from the straight
line of its instantaneous motion. The centreward force actually received by the body, and
which is the force acting on it normal to its path, maybe called the deviafive force received
by the body. This is equal and opposite to the outward force called "centrifugal force"
which is not received by the body, but is exerted outwards by it against whatever is

compelling it to deviate from the straight line of its instantaneous motion. The name
"centrifugal force," however, although objected to, is in too general use tlu-oughout the
world to allow of its immediate abandonment.
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Hence the centrifugul forces are

as
r nr

or as 1 : n^.

This being understood, it readily becomes evident that if, instead of small

solid masses sliding along guides, we have two small homologous masses of

water m and m, fig. 7, flowing in similar slender guide-tubes, and if homo-

Fiff. G. Fig. 7

logons pressures be applied to the two masses in front and behind which

are as 1 ton', and i^at homologous situations in their two paths their

velocities be as 1 to Vn, then, in respect to all the forces received by the two

masses from without, other than those applied by the guide-tubes, and also

in respect to the forces required to be received for counteracting their centri-

fugal forces, we see that aU these constitute force systems similar ^^

arrangement and of amounts as 1 to n\ It therefore follows that the

forces which the masses must receive from their guide-tubes must be similarly

arranged and of amounts, on homologous small areas, as 1 to n\

This being settled, wo may now pass to the demonstration of Proposition

A, at present in question.
.

Suppose No. 1 and No. 2 in fig. 8 to represent two similar vessels with

similarly guided flows, in all respects as described in the enunciation of this

proposition. Let W L and W L' be the stiU-water surface-levels, or the free

levels of the still water in the two cases. Let B C D, B' C D' be two similar

bounding interfaces, each separating the region of flow with important energy

of motion from the region which may be regarded as statical, or as devoid

of important energy of motion. Let B U E in No. 1 and B U E in No. 2

be two homologous guide-tubes, and let them for the present be understood as

terminating- at two homologous cross interfaces E and E', which may con-

veniently be understood as being each situated at a moderate distance outside

of the orifice—for instance, at some such place as that which is usuaUy

spoken of as being the " vena contractu," or where the water has attained a

pressure not diff-ering much from that of the atmosphere, or it may in some

cases even be that the atmospheric pressure is there attained ;
but the exact

places at which to suppose the homologous terminations E and E of the two

guide-tubes as being taken are not at all essential to the demonstration.

Let homologftus linear dimensions in No. 1 and No. 2 be as 1 to n.

Let the velocity at any variable point U in the guide-tube B U E be denoted

^Let the pressure at U, expressed in units of pressure-height, be denoted

by Ti ; as shown by the vertical line U T in No. 1, where T is the top of the

pressure-column for the point U.
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Fig. 8:

No. 1. No. 2.

Let the pressure at B, the beginning of the tube, on the initial interface,

outside of which the water may be regarded as statical, or as having no
important energy of motion, be denoted by hi, ; or, what comes to the same
thing, let the depth from the stUl-water surface-level down to the beginning

of the tube at B be denoted by hb, as is marked in the figure. It is thus to

be noticed that the fall of free level incurred by a particle in flowing along

the guide-tube from B to U is the vertical distance from the stiU-water sur-

face-level, W L, down to T, the top of the pressure-column for the flowing

water at U. This fall of free level may be denoted (in conformity with the

notation in Theorem I.) by C-

Let the vertical descent from B to U bo denoted by/; so that /is the fall

of a particle in passing from B to U. In case of an ascent in any guide-

tube, from its beginning to any point U in its course, we shall have the fall

/ negative.

Let the abatement of pressure-height from B to U be denoted by h, or let

hi)— h=k. Thus in case of an increase of pressure-height in any guide-tube,

from its beginning to any point U in its course, Jc will be negative.

Por No. 2, let the same letters of reference to the diagram, and the same
notation, be used as for No. 1, with the modification for No. 2 merely of the

attachment of an accent to each letter.

Now as a part of the data on which the present investigation under Pro-

position A is founded, it is to be assumed that a unital pressure is somehow
maintained at E', the end of the guide-tube in No. 2, n times that which is

anyhow maintained at the corresponding point E in No. 1. Thus, if we
denote these two pressures expressed as pressure-heights, at E and E' respec-

tively, by he and (he)', we have (Jie)' ^nhe ; and hence the fall of free level

from beginning to end in No. 2 is n times the fall of free level from beginning

to end in No. 1.
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Hence putting v, and {v^)' to denote the velocities at E and E' respectively,

we have (by Theorem 1., which proves that the velocities must be proportional

to the square roots of the falls of free level)

v,:{v,y: : vT: Vh,

«r {vj = v,'>/n (1)

Again, from similarity of forms, we have iu respect to areas of cross-

sections of the two guide-tubes :

—

area at E area at E'

area at U area at U'

'

or since reciprocals of equals are equal :

—

velocity at E velocity at E'

velocity at U~ velocity at U'

V V

or by ( 1)
—'=-£-^,

or v' = vsln. . (2)

This applies to any or all homologous points in the two regions of flow.

Now by referring to the figure or otherwise, it will readily be seen tliat

I, or the fall of free level from B to U, is =li^-\-f—h, while ic=:\ — h; and
that therefore ^=f-\-'k. Hence, by Theorem I., we have

v= ^2g(f+Jc).

In like manner in No. 2 :

—

t;'=V%Cf+F);

but by (2) v'=»Jn.v.

Hence V2^(f+W)=. ^n . V2^f^F),

or f'+k'=nf+nk.

But by similarity of forms f'=nf.

Hence, subtracting equals from equals, we have

k'= nk; (3)

but by similarity of forms {h^)'=nhi (4)

Also, since the pressure at any point in a stream-line, or guide-tube, is its

initial pressure minus the relief of pressure, we have

h^-h=h (5)

and (h^)'-k'= h' (6)
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Prom this last by (4) and (3) we get

nhi,—nk= h', or n(hi—k)=h'

;

whence by (5) h' = nh (7)

From this, if we put P and P' to denote total pressures on homologous small

areas at U and U', it foUows that

P'=»T (8)

This holds good for any homologous places in any homologous guide-tubes,

and so it holds for immediately adjacent places in any two contiguous guide-

tubes. Hence, in respect to any small element of the septum between two

adjacent guided stream-filaments in Flow No. 1, considered comparatively

with a homologous element of a septum in Flow No. 2, the homologous dif-

ferential pressures in No. 1 and No. 2 wiU be as 1 to n^

Thus the demonstration is now completed of aU that is included in Pro-

position A ; and we are ready to go forward to the demonstration of Theorem

II. for which Proposition A was meant to be preparative. For this we have

to observe that the conclusions arrived at in Proposition A hold good, no

matter what may ba the forms of the guide-tubes, provided that they be

similar in both flows ; and no matter what may be the distribution of

pressures throughout a terminal interface crossing the assemblage of guide-

tubes in No. 1, provided that the homologous pressures throughout a

homologous terminal interface in No. 2 be anyhow maintained severally n^

times those in No. 1. Hence, if in Flow No. 1 the guide-tubes be formed so

that the water shall flow along exactly the same paths as if it were left

unguidcd, and were left free to shoot away, past the interface at E, to a

distance from the orifice great in proportion to the thickness of the issuing

stream, without meeting any obstniction—and if the guide-tubes in No. 2 be

similar to them—and if in No. 1 the system of pressures distributed through-

out the terminal interface at E be made exactly the same as if the water

were flowing freely for a great distance past that terminal intei-face—and if

in No. 2 the system of homologous distributed pressures throughout a homo-

logous terminal interface at E' be anyhow maintained severally n^ times those

in No. 1,—it foUows that the diff'erential pressure on the two sides of any

element of a septum in Flow No. 1 will be zero, as the guide-tubes have

there no duty to perform. Then, on the homologous septum element in

No. 2, the differential pressure, being n' times that in No. 1, will be zero

also. Hence in No. 2 the guide-tubes have no duty to perform, and the

water flows in them exactly as if it were left unguided, but had still through-

out its terminal interface the stated system of distributed pressures somehow

applied.

Now, for completing the demonstration of Theorem II., nothing remains

needed except to show that this stated system of distributed pressures

requisite to be applied throughout the terminal interface at E' will very

exactly be applied on that interface backwards by the water in front of it,

which constitutes, for the time being, the continuation of the stream past

that interface.

For proof of this, conceive any cross interface F F (fig. 9) further for-

ward in No. 1 than E E is, and conceive a similarly situated cross interface

F' F' in No. 2. By exactly the same mode of reasoning as before (making

use of the like supposed introduction and subsequent removal of guide-tubes),
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that reasoning being now applied to the two flows commencing at the initial

interfaces BCD and B' C D', and continued to the terminal interfaces F V
and F' F', it results that if the jet in No. 1 be allowed to flow freely to and
far past the interface F F, the jet in No. 2 terminating at F' F' can be
left to flow unguided, with stream-lines similar to those in No. 1 , and with
the same relations of pressures and velocities at its various places to the

pressures and velocities in No. 1 as have been already proved for the flow

terminating at E' E', provided that homologous pressures »i^ times those at

F F be anyhow maintained at F' F'. Thus, then, we see that if adjusted

or requisite pressure systems, such as have been already fully exjilained, be
maintained at F F and F' F', the two streams, one extending backward •

from FF to E E, and the other from F' F' to E'E', will transfer backward
just such pressures to successive places in retrograde order in their courses

as that they will of themselves apply, at the interfaces E E and E' E', ex-

actly the already specified requisite pressure sj'stems. Thus we can depart

Fig. 9.

No. 1. No. 2.

as far as we please from the orifices forward along the two streams to the

places where, for purposes of reasoning, certain definite pressures are to be

supposed to be applied in two homologous cross interfaces. Now it may be

taken as evident that, by going far enough away from the orifice to the

terminal cross interface, we can make, for any disturbances or departures

from the specified pressure relations, the effects propagated backwards to

the water in and near the orifices as small as we please ; or that, even if

we were to apply not exactly the strictly requisite pressure systems at those

terminal places, still the effects of this departure from perfect exactitude

would fade away rapidly in either stream as we transfer the place under

consideration backwards against the current towards the orifice. In corro-

boration of this, observation on the flow of water spouting from an orifice

may be appealed to as setting this matter beyond doubt, through its showing

that any changes of pressure introduced in a jet of water at any place far

1876. s
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away from the orifice (aa, for instance, by the insertion of a rigid obstruction)

will transmit scarcely the slightest effect back to the region of the orifice ;

or, in other words, that in a free-flowing jet spouting through the air, the

effects of obstructions fade away rapidly in the direction contrary to the

current, so as to become imperceptible at a very moderate distance taken

back from the obstacle in the direction against the flow—very moderate

relatively to the thickness of the jet.

Even "without this appeal to experimental observation, we might almost

intuitively perceive, or might readily admit, that the introduction of more or

less pressure than any stated amount in the stream, at a place where it has

got well clear of the orifice, would be only very slightly influential on the

flow as to pressures and as to velocities and directions of motion within the

vessel and near the orifice and contracting vein. A reason for this is, that

while an obstruction in a free jet will require a great change in mode of

flow of the jet close in front of it, yet the jet approaching to that region

need have its outer filaments turned aside only very slightly indeed to allow

of aU parts moving forward without any of their stream-lines, whether me-

dial or at or near the surface, being subjected to almost any increase of

pressure, and consequently without the velocities of any of them being almost

at all retarded. This will readily be clearly understood by reference to

fig. 10, where the water is shown as spouting against a stone without being

Fig. 10.

made to thicken its stream sensibly in consequence of the obstruction, except
for a very short distance at G in front of the stone—that is to say, in the
back-stream direction from the stone. If we were to suppose that the stone
would have a tendency to produce, at such a place as K, any considerable
increase of pressure in the internal or central stream-filaments of the jet, we
would have to notice that the external stream-filaments next the atmosphere
would fail to resist this augmented pressure ; and, instead, they would, with
only a very slight change in their own velocities or pressures, yield a little

outwards, and so would not exert on the internal filaments the confining
action that would be requisite for the maintaining of more than an extremely
slight augmentation of pressure in those internal filaments. Then it is obvi-
ous that if the pressure is very little augmented, the velocity must be very
little abated ; and so, for this reason, the stream will not tend to thicken
itself except very slightly, because any considerable increase of cross-sectional
area of the stream would require an important abatement of velocity, which,
as said before, would require a great increase of pressure in the internal



ON THE FLOW OF WATEK THROUGH ORIFICES. ^^59

filaments, while the external filaments would fail to exert that necessary

confining pressure. These external filaments could, with very little change

in their own velocities, allow even of a great augmentation of the cross-

sectional area of the jet if the internal filaments, by abated velocity, were

requiring to become considerably thicker fhuu before, in virtr.e of the intro-

duction of the obstruilifin. It is only the mpid change of direction of motion

of the particles of water in the outer filam.enta in the neighbourhood of G,

close to the obstruction, that enables them, by what may be called their

centrifugal force, to maintain a greatly increased internal pressure very close

to the obstruction, and so to allow of Ihc water in the internal stream-fila-

n;ents abating its velocity, and of tliosc filaments themselves swelling in their

transverse dimensions.

These considerations complete all that is necessary for the demonstration

of Theorem II., and it may now be regardtd as proved.

FoRMTTLA FOB THE FlOW OF "WaTER IN THE V-NOTCH.

From the foregoing principle we can find intuitively the formula for the

quantity of water which will flow through a V-notch in a vertical plane sur-

face, as in fig. 11. We can see it at once by considering any stream-filament

Fig. 11.

in the flow in one notch, and the homologous stream-filament in the simila

flow in another notch similarly formed, but having its vertex at a difl'erent

depth below the still-water surface-level. Let the ratio of the depth of the

vertex of the one notch below the still-water surface-level to the depth of

the vertex of the other be as 1 to n, so that all homologous linear dimensions
in the two flows will be likewise as 1 to n. Then, in passing from any cross

section of one of the two homologous filaments to the homologous cross section

of the other, we have the cross-sectional area x n^, and the velocity of flow

oc Vw ; and the volume of water flowing per unit of time, being as the cross-

sectional area and the velocity conjointly, will vary as we pass from the one

to the other of the pair of homologous filaments, so as to be oc n'Vn. Then,

as this holds for every pair of homologous stream-filaments throughout the

two flows, if we put Q, to denote the quantity, reckoned voluminally, flowing

per unit of time in each of the two entire flows, we have

Qa Hi.

Now, as well as considering two separate notches with different streams

flowing in them at the same time, we may, when it suits our purpose, con-

sider one single notch with streams of different depths flowing at different

times ; and if in various cases, either of the same V-notch or of different but

s 2
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similar V-notches, we denote the height of the still-water surface-level above

the level of the vertex of the notch by 1i, we have

Qi=cU, (9)

where c is a constant coefficient, which cannot be determined by theory, but

can be very satisfactorily determined by experiment for any desired ratio of

horizontal width to vertical depth to be adopted for the form of the notch.

Experiments determining the values of c for certain forms and arrangements

of V-notches, suited for practical convenience and utility, have already been

made by myself, and have been reported on to the British Association ; and

the Reports on them are printed in the British Association volume for Leeds

Meeting, 1858, and in that for Manchester Meeting, 1861.

Investigation of a Foemvia for the Flow of "Water in a Rectangular
Notch with Level Crest in a Vertical Plane Face.

It is to be premised that the long-known and generally used formulas for

the flow of water in rectangular notches, brought out by the so-called

" theories " which I have dissented from in the earlier part of the present

paper, have been mainly of the form

where Q, denotes the volume per unit of time,

L denotes the horizontal length of the notch,

h the vertical height from the crest of the notch to the stiU-water

surface-level, and

g the coefficient for gravity,

and where c has either been taken as a constant numerical coefficient for

want of accurate experiments to determine its values for different values of

L and li, or has been treated as a variable. Poncelet and Lesbros have

taken this latter course, and have deduced by experiments extensive tables

of its values for different depths of water in notches of the width on which

they experimented—a width, namely, of 20 centimetres*. As, however, the

coefficient for terrestrial gravity varies but little for different parts of the

world, it has most frequently been left out of account, a single coefficient c!

being used instead of eg ; so that if, for instance, when the foot and second

are used as units of length and time, we take 32-2 as a correct enough state-

ment of the value of g for any part of the world, we have c'= 32-2c.

A new formula, involving an important improvement in its form and

adjusted so as to be in due accordance with numerous elaborate experiments,

was developed within or about the time from 1846 to 1855, in America, by

Mr. Boyden and Mr. Francis, both of Massachussetts. It is

Q=3-33(L-Jjj«70^%

where Q is the quantity of water in cubic feet per second,

L is the length of the notch in feet,

h is the height from the level of the crest to the still-water surface-

level in feet, and
n is the number of end contractions, and must be either 0, 1, or 2.

* M^moires de 1'Acad^mie des Sciences : Sciences Math^matiques et Physiques, tome iii.

1829,
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This formula was ofFcrcd by Mr. James B. Francis, in his work entitled

" Lowell Hj-draiilic Experiments," and published at Boston in 1855, not as

one founded on any complete theoretical views, but as one depending on
several assumptions probably not perfectly correct, and yet as one which,

through numerous trials and by adjustments introduced tentatively in fitting

it to experimental results, had been brought out so as to agree very closely

with experiments.

In § 120, at page 72 of his work, Mr. Francis says :
—" No correct formula

" for the discharge of water over weirs, founded upon natural laws, and in-
" eluding- the secondary eflects of these laws, being known, we must rely
" entirely upon experiments, taking due care in the application of any formula
" deduced from thence not to depart too far from the limits of the experiments
" on which it is founded." And in §§ 123, 124, at page 74, in respect to the

conception of the formula, he further gives the following very clear expla-

nations :
—" The contraction which takes place at the ends of a weir dimi-

" nishes the discharge. When the weir is of considerable length in proportion
" to the depth of the water flowing over, this diminution is evidently a con-
" stant quantity, whatever may be the length, provided the depth is the same

;

" we may, therefore, assume that the end contraction effectively diminishes the
" length of such weirs, by a quantity depending only upon the depth upon
" the weir. It is evident that the amount of (his diminution must increase
" with the depth ; we are unable, however, in the present state of science, to

" discover the law of its variation ; but experiment has proved that it is very
" nearly in direct proportion to the depth. As it is of great importance, in
" practical applications, to have the formula as simple as possible, it is assumed
" in this work [ilr. Francis's book] that the quantity to be subtracted from
" the absolute length of a weir having complete contraction, to give its effective

" length, is directly proportional to the depth. It is also assumed that the
" quantity discharged by weirs of equal effective lengths varies according to a
" constant power of the depth. There is uo reason to think that either of
" these assumptions is perfectly correct ; it will be seen, however, that they
" lead to results agreeing very closely with experiment.

" The formula proposed for weirs of considerable length in proportion to
" the depth upon them, and having complete contraction, is

"Q= C(L-6n7i)7t*;

" in which Q,= the quantity discharged in cubic feet per second

;

" C= a constant coefficient

;

" L=the total length of the weir in feet

;

" 6= a constant coefficient

;

" n= the number of end contractions. In a single weir having com-
plete contraction, n always equals 2 ; and when the length

of the weir is equal to the width of the canal leading to it,

n= 0;
"A= the depth of water flowing over the weir taken far enough

upstream from the weir to be unaffected by the curvature
in the surface caused by the discharge

;

"a=a constant power."

This formula, Mr. Francis states, was first suggested to him by Mr. Boyden
in 1846.

The important novel feature in this formula consists in the subtraction

which it makes, from the length L of the notch, of a length for each end
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coutraction directly proportioual to the height of the stiil-wuter surface-Ie\cl

above the crest in order to lind what may be treated iu the formula as the

effective length.

The formula in its general form here last noted expressed only in symbols,

as also in its subsequently developed form here previously stated with

numerical coefficients aiTived at by tentative application of numerous exjje-

rimenta, is thus to be regarded as an ingeniously arranged and valuable

empirical foimnla, but not as one founded on any trustworthy hydrokinetic

theory. It is founded partly on the old ordinary false " theoretical" views,

and partly on good conjectural assumptions, and is adjusted and approxi-

mately verified by elaborate experiments conducted on a scale unusually

large, and with unusually good means for attainment of exact results.

Mr. Francis, it is to be noticed, explains that, in the formula as finally

brought out, the index for the power of the height of the water is taken as

an exact fraction, %, in preference to some unascertained fractional expression,

different in no great degree from 4, merely for the attainuient of faeilitj" in

calculations in the practical applications of the formula, and riot for any
theoretic reason. Also it is to be noticed, in respect to the value -^ which
he assigned for the symbol h, that the symbol itself was tirst assumed as a

constind rather than some unknown variable dependent on /;, and was after-

wards fixed at the particular value J^f for the sake, in both cases, of attaining

a convenient degree of sim])licity which by trials was found to be attainable,

consistently with good accordance between the representations afi'orded hy
the formula and tiie results shown by experiments. He supposed, however,

that " many other values of a and b (probably an unlimited number) might
*' be found that would accord somewhat nearer with the experiments"*.

Many years ago, after my having become acquainted with the empirical

formula thus made out by Mr. Boyden and Mr. Francis, it occurred to me as

desirable to attempt to investigate by hydrokinetic principles, without special

experiments, a true formula for the flow of water in rectangular notches in

vertical thin plates, or vertical plane faces, on the hypothesis of the water

being a perfect or frictionless lluid, and by using iu the formula symbols

for constant coefficients, which, after the finding of the formula, might be

determined by a small number of accurate experiments, and might further

be tested as to their trustworthiness, or might be amended so as to become
more exact, by a large number of varied experiments. It will be interesting

to notice that the formula which had previously been arrived at in America
by Mr. Boyden and Mr. Francis in the way already described is in perfect

agreement with the formula which, by ray own investigation, is brought out

by strict scientific principles as a highly exact formula for water considered

as a perfect fluid, and as being a very satisfactory representation of the truth

for real water.

It is to he noticed at the outset that obviously a notch may be made so

long relatively to the depth of its crest from the still-water surface-level,

that, for any additional length, the increase of the flow will be proportional

to the additional length. Let niJi, in which m is a constant multiplier, be

such a length as that, for additional length, the additional flow ^ndll be pro-

portional to the addition made to the length. In fig. 12 let A B be the crest

of the notch, and let C D be the level of the still-water surface of the pent-up
water. Let AE and BF be each equal to |w7i, so that, over the part EF

* Lowell Hjclvaulic Experiment?. § 1.56. p. 118; ^
1

'->o, p 1 Ifi ; and tlie passigp quoted
above from f 123, p. 74.
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of the crest there will flow a quantity of water exactly proportional to the

length of E F if the width of the notch be varied while the depth h of the

water remains unchanged. Let the length E F bo denoted by I ; then

Z= L

—

mh.

Now, out of the entire flow, conceive the middle portion which flows over

E F, and may be regarded as bounded laterally by two veilical planes per-

pendicular to the plane of the orifice, one passing through E R and the other

through F S, to be taken away ; and suppose the two remaining parts which

flow over AE and BF, with the necessary lateral parts of the notch-plate,

to be brought together as shown in fig. 13, so as to form one notch having

Fig. 12.

mh for its width and h for the height from crest to still-water level, and in

which, therefore, the width of the notch shall bear a constant ratio to the

height of the water, when the height varies, the width being always m times

the height.

Then, by exactly the same mode of procedure as that already 'used for

finding a formula to show how the quantity of water flowing in a V- notch

varies with the depth of the vertex or with any other linear dimension of the

flowing stream, we can readily see that if we put Q' to denote the volume of

water flowing per unit of time in the case represented in fig. 13, we shall

have

Q' = a/tVA, (10)

where a is a constant coefiicient.

Next to find an expression for the quantity (voluminaUy reckoned) flowing

over the middle part E F of the crest, we may consider, first, of that middle

part, a portion G K taken always of a length bearing a constant ratio to h
;

and for simplicity we may take it of length equal to h*. Now in this stream,

* Or, to meet the case in wliich tliere might not be, between E and F, a length so great

88 h, we might as well consider, in another notch having great width and having a height

of flow equal to h, a portion of the flow not near either lateral extremity of the notch, and

occupying a length oi the crest equal to h.
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since the width has in general a constant ratio to the depth, or, in the case

more particularly considered, since the width is equal to the depth, the

quantity flowing per unit of time will, as in the preceding case, be propor-

tional to the I power of the depth ; or we have

Mow over GK=j3h^^h, where fi is constant.

Hence if q^ be the flow, in units of volume per unit of time, over a unit of

length in E F, we have

q^=l3JWh.

By multiplying this by I we get the quantity flowing over the entire middle

part E F per unit of time ; and so, denoting that quantity by Q", we have

Q"=l3lh^/h, -^

or Q"=(i(L-mh)h'^hJ
(11)

Adding the expressions for Q' and Q," together, we get for the total flow in

the whole notch, which we may denote by Q,

Q=p(L—mh)]WJi+ aJiWh,

or Q=l3LhVh-(i3m-a)JiWh,

(3m — t

or a=/3(L-fc^A);.l

But —-— is a constant ; and let it be denoted by 26 ; and instead of the
P

constant (i we may, in order now to use English letters, put a. Then

Q=a(L-2bh)hi, (12)

which is the desired formiila for the flow of water in a rectangular notcli

with two end contractions.

This formula admits of easy modification to give a formula suitable for a

notch with only one end contraction*, thus:

—

Let the width of the notch with only oue end contraction be denoted by L
(as in fig. 14). Then conceive a notch twice as wide with two end contractions

as shown in fig. 15. The flow in this double space will, by the formula last

obtained (12), be seen to be =a(2L— 2bh)h^ ; and so if we put now Q to

deuote the flow in the notch under consideration (shown in fig. 14), which
will be half the flow in fig. 15, we have for the notch with only one end
contraction

Q,=a{L-bh)h'- (13)

* It is to be understood that contraction may be presented nt either end of a notch by
there being a vertical plane side face for the channel of approach to the notch, tliat side

face being perpendicular to the plane of the notch, and extending up-stream from the

notch so as to reach beyond the region of incipient rapid flow to the notch, and extending

for a little way down-stream past the notch, so as to afford the necessary guidance to the

issuing stream-filaments. In like manner, by two parallel vertical side walls or side faces

to the channel, when the crest of the notch extends quite across from the one wall-face to

the other, contraction may be prevented at both ends.
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Fig. 14.

Fig. 15.

Also from (11), by changing, as done before, the letter /3 into the English

letter a, we see that for a notch with no end contraction (contractions being

prevented at both ends by vertical guiding side faces ijerpendicular to the

plane of the notch) we would have

Q,=aUi' (14)

Now the thi'ee formulas (12), (13), and (14) may be combined so as to be

expressed together, thus :

—

Q,=a{lj-nhh)h'-, (15)

where n is the number of end contractions, and must be either 2, 1, or 0.

To determine the constants a and 6, all that would be necessary would be

to have two very accm-ate experiments on the flow of water in one notch at

different depths, or in two notches of the same kind with the ratio of the

width to the depth not the same in both. Then, putting into the formula

the measured values of L, h, and Q for the one experiment, and then again

those for the other, we would have two equations with two unknown sym-
bols, and so we could And the numerical values of those symbols. It would,

of course, be desirable, for experimental verification of the theory on which

the formula is foimded, as also for mutual verification or testing of the expe-

rimental results themselves, to have numerous experiments on the flow for

various depths in various notches of difi'erent widths, so as to find whether

the formula would fit satisfactorily to them all, or to all of them that, after

comparison, would be found trustworthy—provided that the width of the

notch be not too small in proportion to the depth of the flow, or that in all

cases the width be sufficient to allow of there being at least some small part

in the middle where the rate of flow per unit of time would be proiiortional

to the length of the part of the crest to which that flow would belong.

Mr. Francis's experiments and his reductions of the results carried out in
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his own way givu the formula complete, with its numerical coefficients, as

follows * :

—

where Q=the discharge in cubic feet per second;

L=the length of the notch in feet;

ii=the number of end contractions ;

7i=the height from the crest to the still-water surface-level in feet.

Mr. Francis also states that this formula is not applicable to cases in which
the height h from the crest to the still-water surface-level exceeds one third

of the lengtli, nor to very small depths. In the experiments from which it

was determined the depths varied from 7 inches to 19 inches ; and he remarks
that there seems no reason why it should not be applied with safety to any
depths between 6 inches and 24 inches.

Report of the Anthropometric Committee, consisting of Dr. Beddoe,
Lord Abehoare, Dr. Farr, Mr. Francis Galton, Sir Henry
Rawlinson, Colonel Lane Fox, Sir Rawson Rawson, Mr. James
Heywood, Dr. Mouat, Px'ofessor Rolleston, Mr. Hallett, Mr.
Fellows, and Professor Leone Levi.

The Anthropometric Committee have been engaged during the past year
in preparatory work. They have secured the cooperation of gentlemen hold-

ing positions under Government as inspectors of the army, of the navy, of

factories, and of pauper schools. They have prepared schedules and instruc-

tions, and have had them printed ; and they have purchased a small outfit of

instruments to send to places where measurements are to be made in large

numbers.
Under these circumstances they are unable to make a report of anthropo-

metric results ; neither have they been called upon to expend more than a
small portion of the grant of £100 that was made to them in 1875, the
larger part of which will be required to pay for the reduction of observations.

Consequently they ask that the Anthropometric Committee may be reap-
pointed, with modifications, and that the grant may be carried forward to the
year 1876.

* Lowell Hyd. Exp. § 164, page 133.
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On Cyclone and Rainfall Periodicities in conneocion wiih the Sun-spot
Periodicity. By Ciiakles Melurum.

[Printed n* extenso by the authority of the Council.]

In continuation of the paper on this subject published in the Iteport for 1874
(pp. 218-240), 1 beg to submit the foUowiog brief discussion of the cj'clones

of the Indian Ocean, between the equator and 34° S., in the rears 1868-75,
and of the rainfall in different places from 1854 to 1872.

Cyclones.

The number of cyclones in each year, the positions of their centres at noon
on each day, their extent, duration, &c. have been approximately determined
in the way already described, and the results are given in Table I.

From that and the similar Table given in 1874 we obtain the following
general results for the twenty years 1856-75 :

—

1

Years.
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of the spaces (considered more or less circular) over which the wind blew
with the force of a " strong gale." They therefore are not the entire areas.

But, apart from this, owing to incomplete information, the radii are not known
for each day, and hence the areas are only rough approximations. There is

no doubt, however, that they increased from 1856 or 1857 to 1860, decreased

from 1860 to 1867, increased from 1867 to 1872, and then decreased to

1875.

On the whole, there was a similar progression in the duration of the

cyclones, the smallest number of days being in 1856, 1857, 1867, and 1875,
and the greatest in 1861 and 1870,

The total areas, i. e. the products of the mean area of each cyclone by the
number of days it lasted, increased from 1856 to 1861, decreased from 1861
to 1867, increased from 1807 to 1872, and then decreased to 1875.

It is to be remarked, however, that the total areas for the years 1860-62
were much greater than those for the years 1870-72. This may be owing
partly to the radii for the latter years having been underestimated. On the
other hand, the number of cyclone-days in the years 1870-72 was somewhat
greater than in the years 1859-61.

liainfall.

A sufficient number of rainfall returns for the years 1873-75 have not yet
been obtained ; but the annual mean rainfalls at seventy-seven stations from
1854 to 1863, and at seventy-two stations from 1864 to 1872, are given in

Table II., in which all the rainfall observations at my disposal have been
used, except a few Prussian and Mauritius ones, which would not have affected

the general resnlts.

The Table shows that, with hardly an exception, the sun-spots and rain-

fall were both above or both below their respective averages in the same
years.

By taking the longer period 1843-72, and expressing the amouuts of rain-

fall and sun-spots in percentages, we get the following results :

—

Years.
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The

severest

cyclones

in

this

year

were

Nos.

III.,

X.,

and

XI.

The

two

latter

were

typical

examples

of

cyclones.

Nine

cyclones

were

stationary

;
at

least

there

is

no

evidence

that

they

travelled

to

any

great

extent.
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First Report of the Committee, consisting of Dr. Joule^ Prof. Sir W,
Thomson, Prof. Tait, Prof. Balfoue Stewart, and Prof. Maxwell,
appointedfor the purpose of determining the Mechanical Equivalent

of Heat.

We are able to report that progress has been made with the experiments
iindertakeu by Dr. Joule on behalf of the Committee. Friction of water is

the method he has employed ; and the average result of upwards of sixty

experiments is 773-1 in British gravitation units at Manchester, the greatest

deviation from the above average being ^1^.
Experiments * have yet to be made on the capacity for heat of the brass

of which the calorimeter is constructed, which has provisionally been calcu-

lated from the results of Regnault for this alloy. The greatest possible error

which may have arisen in this way is believed to be 75-1^. Dr. Joule also

proposes to compare his mercurial thermometers with the air-thermometer,
with a view to obtain accurate boiling-points, and thus correct values of the
thermometric scale. The greatest correction which it may be found needful
to apply on this account amounts to about -j-i-^. These maximum corrections,

if taken in the same direction, would necessitate the addition of 4-5 to the

equivalent above named.
The experiments made by Hirn on the friction of water have led him to

the number 786. But the average of his results, derived from the friction,

boring, and crushing of metals, gives 77-A.

Assuming that the above experiments and those made by Dr. Joule for the

Committee on Standards of Electrical Resistance are to be relied on, the unit

issued by it would appear to have a resistance too small by -^.

The Committee are happy in being able to state that Professor Maxwell
has been working some time with a view to the redetermination of this unit,

and that he has also undertaken fresh direct experiments for determining the

dynamical equivalent of the thermal unit.

Report of the Committee appointed for the purpose of promoting

the extension, improvement, and harmonic analysis of Tidal Obser-

vations. Consisting of Sir William Thomson, LL.D.,F.R.S., Prof.

J. C. AvAus, F.R.S., J. Oldham, William Parkes_, M.Inst. C.E.,

and Adnairal Richards, 7?. A'., F./?.S. Draiv mj9 6?/ Sir William
Thomson.

Since the publication in 1873 of the Committee's Report for 1872, a large

amount of work has been gone through, in the way of harmonic analysis, ex-

hausting the funds at the disposal of the Committee for this purpose, but none

of the results have hitherto been published. They are now offered for pirbli-

cation in this final Report of the Committee, and along with them, by permission

* [These experiments, up to the present date, sliow a smaller capacity than that antici-

pated, bringing up the equivalent to 77-t-l, which will be subject to a small correction,

possibly amounting to jjn, on acsount of the thermometric scale error.

—

Note, November

13, 1876. -J. P. J.]

x2
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of the Council of the Royal Society, some further results obtained by aid of

grants of =£100 and .£50 made by it to Sir "W. Thomson out of the Govern-

ment-Grant Fund for scientific investigation. The work has been all done, as

heretofore, for the Committee, under the suiierinteudence of Sir W. Thomson,

by Mr.Eoberts and assistant calculators working under his immediate direction,

according to the plans described in the Reports for 1868 and 1869 and sum-
marized in the Report for 1 872. The work done for the Committee consists

of the full harmonic reduction of:

—

(1) Ten years' observations taken by the self-registering tide-gauge at

Helbre Island, at the junction of the Mersey and the Dee.

(2) Two years of Kurrachee, in addition to the three years previously

analyzed and published.

(3) Two years' tidal observations by self-registering tide-gauge at San Diego

(lat. 32° 42' N., long. 117° 13' W.) on the coast of Cahfornia, and one year's

observations at Fort Clinch, Fernandina (30° 43' N., long. 81° 27'W.), Florida.

The work of the Royal Society consists of full harmonic reductions for three

years' observations by self-registering tide-gauge of West Hartlepool ; nine

months of Port Leopold; 119 days of Beechey Island; one year of Brest;

and (a first attack on Mediterranean tides) one year of Toulon.

Helhre Island, 1858 to 1867 inchisive.—The results for Helbre Island have

been found from nearly ten years' consecutive observations taken by a self-

registering tide-gauge at Great Helbre, about eight miles direct or sixteen miles

by water-channels from the tide-gauge at Liverpool, on the St.George's landing-

stage. Both these tide-gauges are under the charge of Captain Graham H.
Hills, R.N., Marine Surveyor to the Board of the Mersey-Dock Estate ; and

the Committee is indebted to him for the loan of the tide-diagrams from which

the present results are obtained. The float of the Helbre Island tide-gauge

works in a well, into which the tidal water is admitted by a pipe below

low-water level. This connecting pipe is kept free hy about once every month
closing its mouth, and allowing the water to rush out at low water. The
tide-gauge clock is kept accurately to Greenwich mean time by time-signal

from Bidstonc Observatory. In the years 1860, 1863, and 1864, on account

of accidental interruptions, the observations only began on March 1, March 29,

and June 3 respectively ; in each of the other seven years the observations

began on Jan. 1. The results of the harmonic analysis are given in the Tables

below. The datum_-level from which the mean heights A^, are calculated is

the same as that used for Liverpool, being 12 feet below the level of the " old

dock sill."

The results shown in the Tables for the separate years agree fairly well to-

gether. For example, the extreme difference for the value between the ampli-

tudes of the solar semidiurnal (E^ of S) is -0879 of a foot, or scarcely more
than an inch, and the epochs of the same tide 2°-l of the circle, or 4-2 minutes of

time. The amplitude of the mean lunar semidiurnal tide (R, of M) varies from

year to yeai', on account of the varying inclination of the moon's orbit to the

earth's equatoi-, very nearly in accordance with the equilibrium theory as

set forth in Tables II. and II'. (pp. 305 & 307).

The variations which the Tables show in the values of the lunar declina-

tional diurnal tides (E, of 0) and the lunisolar declinational diui'nal and
lunisolar declinational semidiurnal (R^, R, of K) are likewise perfectly

accouuted for.

The following comparison between the evaluated results of the mean solar

and mean lunar semidiurnal tides and their overtides, and of the compound
Helmholtz lunisolar quarter-diurnal tide of Liverpool and Helbre Island, is

I
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exceedingly iutercsting, and demoustrates the very rapid formation of overtides
in channels where the rise and fall is great in comparison with the depth at
low water. The results for Liverpool (Report 1872) are the means of seven
years' reductions, and for Helbre Island of ten years'. The value of the main
tides are approximately equal at both places, the solar and lunar semidiurnal
tides at Helbre Island being only about one and two per cent, respectively

less than the corresponding tides at St. George's landing-stage at Liverpool.

S. M. MS.
Liverpool. Helbre Island. Liverpool. Helbre Island. Liverpool. Helbre Island,

ft. ft. ft. ft. ft. ft.

R-j 3'i6o5 3-1283 10-0259 9-8178

Ej -0570 -0302 -6984 -4862 -4082 -2818

Eg -1982 -0720

E^ -0689 -0103

The results for Kurrachee form a continuation of the three years' results

included in the Report for 1872. The previous results are given, quoted
below from the Report of 1872, along with the new results for the sake of

comparison. The results for the whole five years thus now given together
agree very fairly with one another, and form a very vahiable set of tidal com-
ponents for this portion of the Indian Ocean.

Through the kindness of Professors Peirce and Hilgard, of the United- States
Coast Survey, two years' tidal observations taken at San Diego on the coast

of California, and one year's observations taken at Fort Clinch, Eernandina,
Florida, have been placed at the disposal of the Committee. The harmonic
analysis has been completed for these observations, and the results are given
below. The Committee are also indebted to the United-States Coast Survey
for the observations at Fort Point, California, and Cat Island, Gulf of Mexico,
of which the harmonic reductions were published in the Report for 1872.
These results also are repeated in the present Report, as well as those for

Kurrachee, for the sake of comparison.

The agreement of results for the two years for Sau Diego is exceptionally
good throughout. There is a remarkable disproportion between the values
of the smaller and larger elHptic semidiurnal tides (R,, of L and N). The
eqnihbrium-theoretical proportion between these components is about as 1 to

7, but the proportion here is (mean of two years) about as 1 to 35. The
smaller component is exceptionally small.

The retardation of phase of spring-tides (0-030 day) is less than that de-
termined for Fort Point, San Francisco Bay, and is the smallest value vet
found for any port.

One of the chief points of interest in the results for Fort Clinch is the re-
markable disproportion between the mean solar and the mean lunar semi-
diurnal tides, which is as 1 to 6 very nearly. The equilibrium-theoretical
proportion being about as 1 to 2-1. This is very nearly fulfilled between the
solar and lunar diurnal tides (R^ of P and 0). The time of the coincidence
of phase of the P and dcclinational diurnal tides is here negative. This
is the first instance yet found of the coincidence happening hefore the times of
I^ew and Full Moon.
Among the most interesting results found by the reduction of the tides

of these two places, is that at San Diego the proportion between the two
chief tides is nearly identical with what the equilibrium-thoory gives, namely,
about 2-1 to 1, while (as said above) the proportion between them at Fort
Clinch is about as 6 to 1, or the ratio of the solar tide to the hiiiar tide is

only one third of the value which the equilibrium theory assigns to it.
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Fort Clinch, Fcriiandiua Har., Florida (Lat. 30° 42' N., Long. ^1° 27' W.).
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J. Speed (y+v— Tir). Q. Speed (y— 3(r— or).

R,
1860.

0-0752

i76°-40

1861.

o'io67

i8o°-8o

1860.

o'i44o
35i°-o9

1861.

o'i698

3S6°-33

L. Speed (2y— tr— -or). N. Speed (2y—Sff+n;). X. Speed {2y— (T+w+2i]).

1860.

o'oigi

i74°-64

1861.

0-0052

i63°-62

1860.
0-4060

255°-99

V. Speed (2y-3(T-ir+2);).

1860.

0-1309
258^-76

1861.

0-0687

23o°-96

1861.

0-4363
259°-i4

1860.

0-0678

3S7°-65

1861.

0-0486
85°-64

p. Speed (2y-2(T+ ri).

1860.

0-0373
24o°-68

1861.

00150
23o°74

R. Speed (2y- J,).

R,
1860 and 1861.

0-0104

253°-i4

T. Speed (2y-3»,).

1860 and 1861.

00408
38°-i2

CoiDcidence of phase of

S and M. P and O.

0-030 of a day 0-159 of a day

After New or Full Moon.

Coincidence of

phase of M and N.
1-230 days

Opposition of

phase of L and M.
5-711 days

After Moon's Perigee.

Deduced from mean values for 2 years.

A series of tide-observations extending through five years, com-

mencing 18G8, May 1, taken by the Manora self-registering tide-gauge at

Kurrachee, -were also kindly lent by Mr. Parkes for the purpose of reduction.

The following series have been analyzed for each year separately, -with the

exception of the solar semidiurnal tide- components E and T, for -svhich it is

necessary to combine the observations extending through two entire years.

The datum-line is 2 feet heloiv the datum-line of the diagram-sheets.

Kurrachee (Lat. 24° 53' N., Long. 4" 28" E. of Greenwich).



TIDAL OBSERVATIONS. 283

M. Speed of semidiurnal 2{y— c).
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\. Speed {2y— (T+vr— 2r)).

1868-G9. 1869-70. 1870-71. 1871-72. 1872-73.

Ej 00613 o'ojSi 0-0432 0-0839 00750
^2 J56°-46 9i°"S6 3o''-7i 29°-4o i94°-oo

V. Speed (2y— 3(t— -or+2)j).

1868-69. 1869-70. 1870-71. 1871-72. 1872-73.

Bj o'i955 00832 0-0814 o'i4i5 o-i88i

63 255°"63 324°-40 345°'2o 285°-98 302°-o3

/(. Speed {2y—4(T+2)]).

1868-69. 1869-70. 1870-71. 1871-72. 1872-73.

Ha 0-0703 0-0333 0-0714 0-0617 °'0534

62 269^-99 227°-72 304°'i'3 i58°-49 a73°-84

MS. Speed (4y— 2(t— 2;;).

,
^

^

1868-69. 1869-70. 1870-71. 1871-72.

R^ 0-0173 0-0236 0-0311 0-0195

e^ 2i6°-79 i8i°-3o 326°-55 o°-o5

E. Speed (2y- 7/).

1868-69 and 1869-70. 1870-71 and 1871-72.

Rj 0-0353 0-0272

63 I2°-04 32I°-23

T. Speed (2y-3i;).
^- ^

1868-69 and 1869-70. 1870-71 and 1871-72.

Rj o-iioS 0-0576

62 38°-96 ioi°-70

Long-period Tides.

1868-69. 1869-70. 1870-71

ft. ft. ft.

E 0-115 0'i79 0-162

8o°-2o i07°'-i I

^^^^'^ annual (elliptic) tide. Speed (ij).
£ 43°-96

E 0-198 o'o59 0-062 "I Solar semiannual (declinational) tide.

6 8i°-98 ii6°-93 69°'69/ Speed (21;).

R 0-076 o'043 0032 "1 Lunar monthly (elliptic) tide.

6 247°-73 175°'^? "5°'9°J Speed (ff—-nr).

E 0-038 0-064 0-035 1 Lunar fortnightly (declinational) tide.

335°-40 333°'9i 283°-22
J

Speed (za).

0-009 °'075 0-058 "I Lunisolar synod:

6 326°-i9 i6°-98 i56°-62j tide. Speed 2(cr—;/).'
E 0-009 °'075 0-058 "I Lunisolar synodic fortnightly (shallow-water)

Three years' tidal oliservations, taken at Fort Point (lat. 37° 40' N"., long.
gh gm s^ of Greenwich), San Francisco Bay, California, were received and
analyzed, with the following results :— •

I

Year ... 1858-59.
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S. Speed of semidiurnal 2(y— »;). M. Speed of semidiurnal 2 (y— cr)

' ' — N . ' ^

1858-59. 1859-60. 1860-61. 1858-59. 1859-fiO. 1860-61.

Rj o'oi46 verj' small, very small. o'0539 o*o8o8 o'o863

fi 2ii°-96 46°-3o iS9°-37 32°7i
Rj 0-4067 03802 0*3824 i"6694 I-62I5 1-6645

62 334°-H 33S°-8o 336°-4S 33o°-8i 33i°-3o 328°-72

R3 ...... Terj' small. Tery small, very small.

6,

"4

fi.,

E4 very small, very small, very small. o-o6i6 o"o7i2 0-0698

23°-32 26°-73 ii°'i5

MS. Speed (4y-2(T-2jj).
' *

.^

1858-59. 1859-60. 1860-61.
Rj 0-0248 0-0325 0-0315
Sj 22°-33 I2°-25 22°-8l

fi. Speed 2(y— 2(r+r;).
- A.

18.58-59. 1859-60. 1860-61.
R2 0-0257 0-0311 0-0252

^2 254°-34 2o6°-i4 209°'S3

K. Speed of semidiurnal (2y).
^ A

1858-59. 1859-60. 1860-61.
Rj 1*337° i'3°36 1-2925

61 i92°-i7 i90°-88 i88°-55

R„ 0-1759 0-1716 o'i35i
e, 326°-65 3i4°"53 3o8°75

O. Speed (y-2<T). P. Speed (y-2jj').

18.58-59. 1859-60. 1860-61. 1858-59. 1859-fiO. 1860-61.
Ri 0-8917 0-8511 0-8784 0-3672 0-3659 0-3869

6, 3°-39 6°-25 4°-oi i6°-52 i5°-9o i3°-5a

L. fpeed (2y— 0-— Tir). N. Speed (2y—3(r+'nr).

1858-59. 1859-60. 1860-61. 1858-59. 1859-60. 1860-61.
R2 0-0591 00370 0-0506 o'393i °'3494 °'3545

i02°-63 i83°-oo i7o°-i6 303°-46 305°-53 302°-5i

R. Speed (2y-ij). T. Speed (2y-3»;).
^ * x ^ * ^
1858-59 and 1859-60. 1858-59 and 1859-60.

R2 0-0076 E.2 0-0142
f^ i64°-co 62 277°-90

X. Speed (2y—(r+-or-2j}). v. Speed (2y— Str— •nr+2);).
—

^

1858-59. 1859-60. 1860-61. 1858-59. 1859-60. 1860-61.
R, 0-0372 0-0275 0-012I 0-1044 0-0387 0-0437
63 i88°-30 i56°-39 i44°-i8 287°-23 272°-46 349°-59

J. Speed (y+ <T—nr). Q. Speed (y-3(7+tiT).

1858-59. 18.59-60. 1860-61. 1858-59. 1859-60. 1860-61.
Ri 00819 0-0376 0-0565 0-1706 0-1056 o'i332

2i3°-98 2o8°-29 i83°-4o 353°'o3 33i°"34 8°' 93

Coincidence of phase of Coincidence of Opposition of
S and M. P and O. pliase of M and N. phase of L and M.

0-214 of a day 0441 of a day 2024 days 0-126 of a day

After New and Full Moon. After Moon's perigees.
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Eemark an abrupt diminution in the height of mean level after the first

two years, which the following extract from a letter received from Prof.

J. E. Hilgard fully explains :

—

" The change in the mean-level reading at Fort Point is a matter of much
" annoyance to us. The tide-gauge Avas put iip in a small building near the
" end of a wharf, and the tide-staff used for comparison was close to it.

*' Now it was observed after the observations had continued some time that

" the wharf was settling, at least the part where the gauge stood. Then
" the gauge was moved to a point a little nearer to the shore believed to be
" firm ; but we think the whole wharf settled and continued to do so for years.

" There seems to be a bog-formation underlying the surface deposit at that

" place. There is probably no way of ascertaining the amount of settling

" except from the observations themselves. We are now having frequent

" levelliugs made, referring the tide-staff to a rocky ledge further inland."

Cat Island, Gulf of Mexico (Lat. 30° 23' N., Long. 5" 56'° W. of Greenwich).

The following results represent the tide-components as far as they have at

present been evaluated. Datum 10 feet helow datum of United-States Coast

Survey :

—

Year 1848. Ao=4-8574ft. I= i8°-45.

Speed

El
61
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Solax" annual tide (elliptic and meteorological)

Solar semiannual tide (declinational and meteorological) ..

Limar monthlj tide (elliptic)

Lunar fortnightly tide (declinational)

Lunisolar fortnightly tide (synodic)

E.
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fi. Speed 2(y— 2(T+?j).

E,
1858-59.

0-0907
6°-57

1859-60.

0-0951

342°-4o

MS. Speed (4y-2(T-2»y).

1858-59.

0-0454
i2i°-48

K,

1859-60.

0-0388

i4o°-42

1860-61.

0-0447
ii2°-73

R. Speed (2y-)j).

1859-60 and 1860-61.

0-0082

258°-78

E,
^2

1860-61.

0-0549
20°-I0

2SM. Speed (2y+2(r-4ij).
,

*
,

1858-59. 1859-60. 1860-61.

0-0326 0-0332 0-0087

3i5°-68 3o°-i9 227°-66

T. Speed (2y-3)j).

1859-00 and 1860-61.

0-1403
279°-83

Long-period Tides.

Speed

1858-59. j-^

1859-60. 1^

1860-61.
I

.... (T.

ft.

0-075

23°-53

0-135

175°75

0-139

79°-i9

2<T.

ft.

0-052

19°°'34

0-053
222°-34

0-073

i58°-62

2ie-n).

ft.

0-131

7o°-88

0-131

S7°-35

o"i4i

"55S4°-

V-

ft.

0-217

257°-63

0-366
200'-'-02

0-213

i99°-69

(From mean of 3 years.)

ft.

0-004

275°-4o

0-138

io5°-65

0-149
286°-62

Coincidence of phase of S and M.
Coincidence of phase of P and O.

Coincidence of phase of M and N.
Opposition of phase of L and M.

Ai'ter New or Full Moon.

days.

1-7391

5-7762

._£ _
I
After moon's perigee.

The results of the three years' reductions agree, on the -whole, well

together. The following small components, however, are somewhat discordant,

viz. the elliptic diurnal tide J, the smaller component of the evcction semi-

diurnal tide A, and the luuisolar compound semidiurnal tide 2SM.
The good agreement hetwcen the separate determinations of the mean sea-

level renders Hartlepool a favourable place for the purposes of trigonometrical

survey, the annual tide also being much less in amount than at Liverpool,

to the mean sea-level of which the present survey of the United Kingdom is

referred.

The values of the diurnal components are as largo as those for Liverpool,

where the mean solar and lunar semidiurnal tides ar«5 nearly double the values

of those for Hartlepool, and arc the largest yet evaluated for English ports.

The value of the smaller elliptic semidiurnal tide (L) agrees very nearly

with the equilibrium-theory value of the values of this component for other

English ports, being considerably in excess of the theoretically assigned value.

The larger component (N) agrees exactly with that deduced from theory.

A remarkable point in the deductions is the smallness of the ovortides of

the chief semidiurnal tides, and also of the compound luuisolar quarter-

diurnal tide (MS), which have been well marked in the other English ports

of which the observations have been analyzed.

There is scarcely sufficient agreement between the results deduced from
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the long-period tides to be satisfactory, although the quantities of some are

within reasonable limits. The values for rj, as usual, show an undoubtedly
genuine annual tide of about three inches with its maximum about the end
of October or beginning of November, which agrees with the time given for

other English ports. Of the other long-period tides, the synodic fortnightly

[2((r — t])'] gives a fair agreement between the values deduced from the separate

j'ears.

Results of Hourly Tide-observations taken at Port Leopold, Arctic Archi-
pelago, by Sir James Clark Ross, from 1848, Nov. 1, to 1849, July 31.

(Lat. 74° N., Long. 91° W.)

Speed. .

,

B.

I, or inclination of moon's orbit to earth's equator, — i8°7.

S
2(y-r,)

ft.

o'ojoS

26°-5s

o'6434
28°-78

o'oo65
256°-84

M
2(y-<T)

ft.

o'044i

269°-i9

2-0736
338°-88

o'oi6o
203°'o3

L
(2y— (T-

ft.

N
(27—3(T+w)

ft.

i89°-i8
0-4345
3o6°-36

Speed

E,

O
(y-2c7)

0-3632
69°-64

P

o-2i6i

i27°-55

Coincidence of phase of S and M.
Coincidence of phase of P and O.
Coincidence of phase of M and N.
Opposition of phase of L and M .

days.

= 2

K
(2y)

ft.

07997
309°-62

o'i325

34°-99

_ ,.?!', I > After New or Full Moon.— 2 37S^j

= 2-tiQ2 I

^^^^ moon's perigees.

Results of Hourly Tide-observations taken at Beechey Island, Erebus Ray,
Arctic Archipelago, by Captain PuUen, for 119 days, commencing 1858,
Nov. 2. (Lat. 74° 43' N., Long. 91° 54' W.)

I, or inclination of moon's orbit to earth's equator, = 28°-o.
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The tides at Port Leopold and at Beecliey Island, as seen from the above

analyzed constituents (due allowance being given to the different values for

I), are almost identical in character, the agreements of the components "when

compared being remarkably close.

The diurnal components are large, and in the j'ears of maximum declination

of moon nearly sufficient at certain parts of the lunation to reduce the period

of the tide to that of one tide only in the twenty-four hours.

The narrrowness of Behring's Straits precludes the supposition that the

tides in the Arctic Ocean and among the channels of the Arctic Archipelago

are sensibly influenced by communication through it with the Pacific.

The largeness of the values for the retardation of spring-tides renders it

probable that for these places the tidal influence is derived chiefly from the

Atlantic Ocean, and not by direct action of Sun and Moon on the waters of

the Arctic Ocean.

The shortness of the series of these observations, especially those for

Beechey Island, has rendered some departure from the usual mode of reduction

desirable. The following explanation is therefore necessary :—The observa-

tions were first grouped according to mean solar hours, and the summations

and means obtained and the means analyzed. The values of the mean solar

amplitudes thus obtained were then used for the calculation of the height of

the tide at each integral mean solar hour due to these constituents. The
heights were then copied for the previous values grouped according to mean
solar hours, subtracting from each quantity the effect of the height due to

the mean sun, computed as above explained. These numbers were grouped

according to mean lunar hours, and the series of mean values analyzed as

before. The value of the tide at each mean lunar hour was then computed

and subtracted from the previously copied series, and grouped according to

sidereal hours and the reduction continued as before ; and so on throughout

the seven evaluated series. The values obtained for the smaller components

found by these means are no doubt trustworthy.

Notes on the Reductions of the Tidal Observations of Brest and Toulon.

By Mr. Roberts.

"With the kind assistance of M. Janssen the tracings from the original

" registered tidal observations at Toulon for the whole of the year 1853 were
" obtained from the Department of the Marine at Paris, and also a copy of

" the heights at Brest for the year 1875. These two years' observations have
*' been treated and reduced in a similar manner to the many years' tidal obser-
" vations fully described in the Eeports of the Tidal Committee of the British

" Association for the years 1868 to 1872. It wiU therefore be only necessary
" in this place to give a general summary of the results obtained. The ob-
" servations being given in metres, the results have been similarly expressed
" in decimetres and centimetres, and not in English feet.

" Brest.

" The proportion between the solar and lunar semidiurnal tides at Brest is

" (allowing for the value of the Moon's declination) about as 1 to 3, and
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" agrees fairly with the proportion found at most British ports. The elliptic

" semidiurnal tides agree within narrow limits with the values assigned by
" theory, as also those of the Evection and Variation semidiurnal. The
" overtides here, as at Toulon, are small, the mean lunar quarter-diurnal
" components amounting to 4-8 centimetres only, the main lunar semi-
" diurnal tide being 1-9887 metre. The terdiurnal component is about yi^
" of the chief tide, which accords with the proportion found at British ports.

" The diurnal components at Brest are very small, and are only about double
" the amounts found for Toulon, although the range of tide is about thirty
" times greater.

Toulon.

" The proportion between the solar and lunar semidiurnal tides at Toulon,
" having regard to the fact that the inclination of the Moon's maximum
" orbit to the earth's equator for the year reduced was nearly at its greatest,
" agrees very nearly with that assigned to it by the Equilibrium theory, and
" was found to be about as 1 to 2-2. Theovcrtides of the main semidiurnal
" components were found to be very small, the largest, that of the first over-
" tide of the lunar semidiurnal, scarcely exceeding 3 millimetres. The ter-
" diurnal lunar tide amounts to about jL. of the main lunar semidiurnal, the
" proportion generally found for this component from many years' reductions
" at different ports being about

^'f,
of the chief component. The proportion

" between the longer elliptic and the lunar semidiurnal is somewhat larger
" than the deduced value according to the equilibrium theory, although that
" between the larger and smaller components agrees almost exactly. The
" semidiurnal tides depending on the lunar perturbations of Evection and
" Variation agree within reasonable limits with the equilibrium theoretical
" proportions. The evaluated diurnal components are very large, the luni-
" solar exceeding in value the mean solar semidiurnal. These large diurnal
" components give to the Mediterranean tides a totally different character
" from those of the North Atlantic, in which the diurnal tides are very small.
" The coincidence of phase of the main lunar and solar semidiurnal tides
" happening some 4 or 5 hours hefore the time of New or Full Moon would
" point to the conclusion that the tides at Toulon were wholly generated in the
" Mediterranean, and were scarcely if at all influenced by any action of the
" North Atlantic through the Straits of Gibraltar, the amount of ret-erdation
" of coincidence of phase for these components amounting on the western coast
" of Europe to between 30 and 40 hours. The evaluation of the long-period
" tides places the maximum of the solar annual tide at Dec. 30. The value
" of the lunar decliuational fortnightly tide is about 1| centimetres, or
"
fo inch."

v2
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ĈS

1^

p CI

"^ a
a 2

a

-a
3

'So 5^

o to

I

I
IB

a

sa

a M ^ >,

be
n §5 "3

« bo

.a
<^ CO

O ej

a
o §
CR O

o Q*

a g

IB '

g 60^ o

6 cS

C3

03 ^

IB £
=2 S -

GQ

13
3

"So

§

bO
a

3

- OQ

03

fe !• 6 „^«

I + +
I

to b ,

b

a>
t3

.. 3
-> -u

'So
a
_o

§

bo
c
|3

.a
o

B
a
03

I
I

+ "^

b
-IS

5h >

m bO

^

o ~

O !

o ^
bo

a
o ^^ °

Hi * "g a
a a 'S -s

CO

•43
•'" J

i'g's

111

.2 o ."

ID

O . .

O)
i-i d oj
O "-I rt

(D

o to oj

CO 13
O

n3
o

4^

e(-i

o

o
03

Ord '^

'-I rt _s

-« .^

d
4J g

fH § PI

fl _. r—

1

"^ =« rd

PI S "^-i

03 -M O
O C4 ^
a ^ i

-^ d
eS CO d

03 ^ +3
«-^

i^^ (U
o

•s «-£
(u _ d

a.

a

00 oo

j5 "^ o3

" o
0? (11 ID O

.

^ ^ -a^ *3 :3 03

H «
ID (D
d ^

.Jd

d
03
U

<D

£
do

;-i

03

'o
aj

d
03

a

n3
<D

do
o

uo

ID

a

CO
f-1

do

03

a

Ol
^3

U

o
03

P- -rt r-,

o3
P4

03

"73

o

do

o
d
tj
d

00

;-i
ID

c3
ID
;-l

S>

<s
OS

^

§
^
^

d
ID

c3

-d

a
o
OB

"73

d
oj

o

^o;o
d
<u

d
cy
<u
CO
d
oo

OS d-^ -r-l

^ 03

H d
03U

Soj^OCS'^iHs^h^lft ^a.



294 REPORT—1876.

To facilitate comparisons between the various results of the harmonic ana-

lysis contained in this and the preceding Eeports, and to promote a complete

theoretical appreciation of them all, the following harmonic analj'sis of the

equilibrium tide will be found useful. A portion of it, that, namely, per-

taining to the mean semidiurnal, the declinational semidiurnal and the

elliptic semidiurnal constituents, was given in the Report for 1872 (§§ 48,

50). For the sake of clearness, an investigation of the equilibrium tide,

consisting chiefly of extracts from Thomson and Tait's ' Natui'al Philosophy,'

vol. i., is premised, as the first edition of that work is out of print, and the

second edition can scarcely appear until after the publication of this E-eport.

Let E denote the earth's mass, M the mass of the moon or sun, D the dis-

tance between the centres of the two bodies, a the earth's radius. If we

neglect tides depending on the fourth and higher powers of =|T (of which only

one, Laplace's terdiurnal lunar tide, referred to in § 3 of the Committee's
Eeport for 1868, and again in § 5, 1872, can probably be sensible), the equi-
librium tide will not be altered by the following arbitrary but conveniently

symmetrical assumption. Imagine M to be divided into two lialves, and let

these be fixed at distances each equal to D on opposite sides of the earth in a

line through its centre. Then if r, B be polar coordinates of any point referred

to the earth's centre as origin, and the line joining the two disturbing bodies

as axis, the equation of an equipotential sui-face is [Thomson and Tait,

§§ 804-811]

"7+^^^ V(I)--2/Dcos^+.-)
+

V(B-+ 2.Dcose+ r--)

^=^'^^^^-
"

^'^^'

J-

and as the first approximation for :j^ is very small, we have

f
+^[l+ i^,(3cos=0-l)]=const (12);

whence finally, if »-=a-|-M, u being infinitely small,

«=i^^3(3co8^e-i) (13)-

. . . Ma^
This is a sjiherical surface harmonic of the second order, and -py^ is one

quarter of the ratio that the difference between the moon's attraction on the
nearest and furthest parts of the earth bears to terrestrial gravity. Hence

" The fluid will be disturbed into a prolate ellipsoidal figure, with its

long axis in the line joining the two disturbing bodies, and with ellipticity

equal to | of the ratio which the diff'ercnce of attractions of one of the dis-
turbing bodies on the nearest and furthest points of the fluid surface bears to
the surface value of the attraction of the nucleus. If, for instance, we sup-
pose the moon to be divided into two halves, and these to be fixed on opposite
sides of the earth at distances each equal to the true moon's mean distance

the ellipticity of the disturbed terrestrial level would be nr
2 X 60 X 300000'

12 000 000 '
^""^ ^^^ ^^'''^ difference of levels from highest to lowest would

be about 1|- feet. "We shall have much occasion to use this hypothesis in
vol. ii. in investigating the kinetic theory of the tides.
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" 805. The rise and fall of water at any point of the earth's surface we may
now imagine to be produced by making these two disturbing bodies (moon and

anti-moon, as we may call them for brevity) revolve round the earth's axis

once in the lunar twenty-four hours, with the line joining them always in-

clined to the earth's equator at an angle equal to the moon's declination. If

we assume that at each moment the condition of hydrostatic equilibrium is

fulfilled, that is, that the free liquid surface is perpendicular to the resultant

force, we have what is called the ' equilibrium theory of the tides.'

" 806. But even on this equilibrium theory, the rise and fall at any place

would be most falsely estimated if we were to take it, as we believe it is

generally taken, as the rise and fall of the spheroidal surface that would bound
the water were there no dry land (uncovered solid). To illustrate this state-

ment, let us imagine the ocean to consist of two circular lakes A and B, with

their centres 90° asunder, on the equator, communicating with one another by
a narrow channel. In the course of the lunar twelve hours the level of lake A
would rise and fall, and that of lake B would simultaneously fall and rise to

maximum deviations from the mean level. If the areas of the two lakes were
equal, their tides would be equal, and would amount in each to about i of

a foot above and below the mean level ; but not so if the areas were unequal.

Thus, if the diameter of the greater be but a small part of the earth's qua-

drant, not more, let us say, than 20°, the amounts of the rise and fall in the

two lakes will be inversely as their areas to a close degree of approximation.

For instance, if the diameter of B be only -^ of the diameter of A, the rise

and fall in A will be scarcely sensible ; while the level of B will rise and fall

by about 1| feet above and below its mean
; just as the rise and fall of level

in the open cistern of an ordinary barometer is but small in comparison with

fall and rise in the tube. Or, if there be two large lakes. A, A', at opposite

extremities of an equatorial diameter, two small ones, B, B', at two ends of the

equatorial diameter perpendicular to that one, and two small lakes, C, C, at

two ends of the polar axis, the largest of these being, however, stiU supposed

to extend over only a small portion of the earth's curvature, and all the six

lakes communicate with one another freely by canals or underground tunnels :

there will be no sensible tides in the lakes A and A' ; in B and B' there will

be high water of 1^ feet above mean level when the moon or anti-moon is

in the zenith, and low water of If feet below mean when the moon is rising

or setting ; and at C and C there will be tides rising and falling -^ of a foot

above and below the mean, the time of low water being when the moon or

anti-moon is in the meridian of A, and of high water when they are on the

horizon of A. The simplest way of viewing the case for the extreme circum-
stances we have now supposed is, first, to consider the spheroidal surface that

would bound the water at any moment if there were no dry land, and then

to imagine this whole surface lowered or elevated all round by the amount
required to keep the height at A and A' invariable. Or, if there be a large

lake A in any part of the earth, communicating by canals with small lakes

over various parts of the surface, having in all but a small area of water in

comparison with that of A, the tides in any of these will be found by drawing
a spheroidal surface of If feet difference between greatest and least radius,

and, without disturbing its centre, adding or subtracting from each radius

such a length, the same for all, as shall do away with rise or fall at A.
" 807. It is, however, only on the extreme supposition we have made, cf

one water area much larger than all the others taken together, but yet itself

covering only a small part of the earth's curvature, that the rise and fall can.

be done away with nearly altogether in one place, and doubled in another
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place. Taking the actual figure of the earth's sea-surface, we must subtract

a certain positive or negative quantity a from the radius of the spheroid that

would bound the water were there no land, a being determined, according to

the moon's position, to fulfil the condition that the volume of the water

remains unchanged, and being the same for aU points of the sea at the same
time. Many writers on the tides have overlooked this obvious and essential

principle ; indeed we know of only one sentence* hitherto published in which
any consciousness of it has been indicated.

" The quantity « is a spherical harmonic function of the second order of the

moon's declination and hour-angle from the meridian of Greenwich, of which
the five constant coefficients depend merely on the configuration of land and
water, and may be easily estimated approximately by not very laborious qua-

dratures, with data derived from the inspection of good maps.
" 808. Let as above

r==a(l+u) (14)

be the spheroidal level that would bound the water were the whole solid

covered ; u being given by (13) of § 804. Thus, if ffda denote surface in-

tegration over the whole surface of the sea,

affudcr

expresses the addition (positive or negative as the case may be) to the volume
required to let the water stand to this level everywhere. To do away
with this change of volume we must suppose the whole surface lowered
equally all over by such an amount « (positive or negative) as shall equalize

it. Hence if i2 be the whole area of sea, we have

a-=.-^ (15).
ii

And v=r-a=a{\^u--^J^) . . . . \ (16)

is the corrected equation of the level spheroidal surface of the sea. Hence

h=a{u-'/M!L} (17),

where h denotes the height of the uurface of the sea at any place above the
level which it would take if the moon were removed.
"To work out (15), put first, for brevity,

Mo*

and (13) becomes

u= T(cos-d-i) (19).

Now let I and \ be the geographical latitude and west longitude of the place

to which u corresponds ; and i|/ and S the moon's hour-angle from the meri-
dian of Greenwich, and her declination. As 6 is the moon's zenith distance

at the place (corrected for parallax), we have by spherical trigonometry

cos 0=cos Z cos 2 cos (\— )//) -t- sin ? sin 2

;

which gives

3cos20— 1=
fcos=Z cos'g cos2(X -;//)+ 6sin ?cos I sin t cos S cos(\ -^p)+ i (3sin2S- l)(3sin-Z- 1) (20).

"Rigidity of the Earth," § 17, Phil. Trans. 18G2.

'=IW3 (18):
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Hence if we take ^, 33, C, J3, (£ to denote five integrals depending solelj^

on the distribution of land and water, expressed as follows :

—

%=—ff co&H cos 2\diT, '^= —ff cos^Z sin 2Xd(T,

C=—ff8mlcoalcoa\dff, ^=—ffsmlcoBlBm\da, ) . . (21).

(!£=l/f(3amH-l)dff,^

"where of course cZ(r=cos IdldX,

we have

^ar{|co3'^(Heos2i//+3Ssin2;//)+ 6sin2eosS(Ccos;//+ iisin;//)+i(£(3sin2S-l)}(22).

This, used with (19) and (20) in (17), gives for the full conclusion of the

equilibrium theory,

i«r(3 8in2Z-l-®)(3sin2a-l) -^

+ 2ar[(sinZcoaZcos\— C) cos»/'+ (8inZcosZsinA— J3)sin»//]sinScosS I „.

r ' (•^'j)>

+ ^[(cos'Zcos2\-a)cos2i/;+(cos' I sin 2\-a8) sin 2;//] cos'

S

in which the value of r may be taken from (18) for either the moon or the

sun ; and d and \p denote the declination and Greenwich hour-angle of one

body or the other, as the case may be. In this expression we may of course

reduce the semidiurnal terms to the form A cos(2;^— e), and the diurnal

terms to A' cos (\p — e'). Interpreting it we have the following conclusions :

—

" 809. In the equilibrium theory, the whole deviation of level at any point

of the sea, due to sun and moon acting jointly, is expressed by the sum of

six terms, three for each body.
" (1) The lunar or solar semidiurnal tide rises and falls n proportion to a

simple harmonic function of the hour-angle from the meridian of Greenwich,
having for period 180° of this angle (or in time, half the period of revolution

relatively to the earth), with amplitude varying in simple proportion to the

square of the cosine of the declination of the sun or moon, as the case may
be, and therefore varying but slowly, and through but a small entire range.

" (2) The lunar or solar diurnal tide varies as a simple harmonic function

of the hour-angle of period 360°, or twenty-four hours, with an amplitude

varying always in simple proportion to the sine of twice the declination of the

disturbing body, and therefore changing from positive maximum to negative,

and back to positive maximum again, in the tropical* period of either body
in its orbit.

* Tlie tropical period differs from the sidereal period in being reckoned from the first

point of Aries instead of from a line fixed in space, the difference for the case of the sun

being only one in 26,WO years, and for the case of the moon one in 13 X 18-6.
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" (3) The lunar fortnightly or solar semiannual tide is a variation on the

average height of water for the twentj-four lunar or the twentj^-four solar

hours, according to which there is on the whole higher water all round the

equator and lower water at the poles, when the declination of the disturbing

body is zero, than when it has any other value, whether north or south ; and
maximum height of water at the poles and lowest at the equator, when the

declination has a maximum, whether north or south. Gauss's way of stating

the circumstances on which 'secular' variations in the elements of the solar

sj^stem depend is convenient for explaining this component of the tides. Let
the two parallel circles of the north and south declination of the moon and
anti-moon at any time be drawn on a geocentric spherical surface of radius

equal to the moon's distance, and let the moon's mass be divided into two
halves and distributed over them. As these circles of matter gradually vary

each fortnight from the equator to maximum declination and back, the tide

produced will be solely and exactly the ' fortnightly tide.'

" 810. In the equilibrium theory as ordinarily stated, there is at any place

high water of the semidiurnal tide precisely when the disturbing body, or

its opposite, crosses the meridian of the place ; and its amount is the same
for all places in the same latitude ; being as the square of the cosine of the

latitude, and therefore, for instance, zero at each pole. In the corrected

equilibrium theory, high water of the semidiurnal tides may be either before

or after the disturbing body crosses the meridian, and its amount is very
different at different places in the same latitude, and is certainly not zero at

the poles. In the ordinarily stated equilibrium theory, there is, lirecisely at

the time of transit, high water or low water of diurnal tides in the northern

hemisphere according as the declination of the body is north or south
;

and the amount of the rise and fall is in simple proportion to the sine of

twice the latitude, and therefore vanishes both at the equator and at the
poles. In the corrected equilibrium theory, the time of high water may be
considerably either before or after the time of transit ; and its amount is very
different for different places in the same latitude, and certainly not zero at

either equator or poles. In the ordinary statement there is no lunar fort-

nightly or semiannual tide in the latitude 35° 16' (being sin-^—-), and its
\/3

amount in other latitudes is in proportion to the deviations of the squares of their

sines from the value g. In the corrected equilibrium theory each of these tides

is still the same in the same latitude, and vanishes in a certain latitude, and in

any otherlatitudes is in simple proportion to the deviation of the squares of their

sines from the square of the sine of that latitude. But the latitude where

there is no tide of this class is not sin-i—— , but sin-i( v/—il—), where <it is

V 3 3

the mean value of 3 sin'Z— 1 for the whole covered portion of the earth's

surface, a quantity easily estimated by a not very laborious quadrature, from
sufficiently complete geographical data of the coast lines for the whole earth.

" As the fortnightly and semiannual tides most probably foUow in reality

very nearly the equilibrium law, it becomes a matter of great importance to

evaluate this quantity ; but we regret that hitherto we have not been able to

undertake the work. Conversely, it is possible that careful determination of

the fortnightly tides at various places, by proper reduction of tidal observa-

tions, may contribute to geographical knowledge as to the amount of water
surface in the hitherto unexplored districts of the arctic and antarctic

regions.
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'<
:811. The superposition of tlie solar semidiurnal on the lunar semidiurnal

tide has been investigated above (§ 60) as an example of the composition of

simple harmonic motions ; and the weU-knowu phenomena of the ' spring-

tides ' and ' neap-tides ' and of the ' priming ' and ' lagging ' have been
explained. We have now only to add that observation proves for almost all

places, whether oceanic islands or other open coast-stations, or in deep bays,

estuaries, or tidal rivers, the proportionate difference between the heights of

spring-tides and neap-tides, and the amount of the priming and lagging to be
much less than estimated in § 60 on the equilibrium hypothesis ; and to be
very different in different places, as we shall see in vol. ii. is to be expected
from the kinetic theory."

The four lunar and solar diarnal and semidiurnal tides spoken of in

§ 809 of the preceding extract are, in the harmonic analysis of this Com-
mittee, resolved into harmonic constituents with constant amplitudes and
epochs instead of the varying amplitudes and epochs which that statement

implies in virtue of the varying distances of the sun and moon from the

earth, and of the differences of their right ascensions from those of ideal

bodies moving uniformly in the plane of the earth's equator with constant

angular velocities equal to the mean angular velocities of the sun and moon
round the earth.

To investigate, for either moon or sun alone, the equilibrium values of

these simple harmonic constituents, and to exhibit the simple harmonic ex-
pression for the long-period deelinational tide represented by the first line of

(238) § SO, call L the value of this line, D the value of the second line (or

the whole complex diurnal equilibrium tide), and S the value of the third

line (or semidiurnal equilibrium tide).

Put

sin I cos IcosX —C=P cos/, sin ? cos Z sin X — iB = F sin/

;

cos-Z cos2\—^=G cos2 5', cos^Z sin 2\ — 33 =Gsin25r.
Then

L=^arK(3sin=a-l), (I.)

D=2ffrsinacosa.rcos(v/^-/), (II.)

S=^cos2a.Gcos2(;^-5r), (III.)

where F, /, G, g are constants for each place, having different values for

different places. Let ^ be the angle between the body's radius vector and
the ascending node of its orbit relatively to the earth's equator (which for

the case of the sun will be his longitude) ; let v be the right ascension of

this node (which for the case of the sun is of course zero) ; let a denote the

right ascension of the body reckoned from this node (which for the sun will

be his right ascension measured from the first point of Aries) ; let I denote

the inclination of the body's orbit to the plane of the earth's equator (which

for the case of the sun is nearly enough constant for our purposes and equal

to 23° 27' 19") ; lastly, let j( denote the sidereal time reduced to angle, that

is to say, the (Greenwich hour-angle of the first point of Aries. We have
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Hence by (I.) and (II.),

D=2arr{cos(x— J'—/)cosa+ sin(j(— V—/)sma}sin5co8S, . . (IV.)

S=-5-G{cos2(x— v— (7)cos2a + sin2()^-i^— 5f)sm2a}cos'^^. . . . (V.)

Now S and a are the two legs of a right-angled triangle of which ia the

hypotenuse and I the angle opposite to S. Hence, by spherical trigonometry,

sin 2^ sin Isin^,

cos a cos ^=cos <p,

sin a cos S= sin cos I.

Hence sin^S= ^ sin'^I(l — cos 2^),

and so L=|arK(—f+sin'I— sin'I cos 2^) (VI.)

Next for the diurnal tide :

sin S cos S C08 a= sin I sin <p cos 0=-^ sin I sin 2^,

and sin h cos S sin a=sin I sin^^ cos 1=^ sin 1(1— cos 2^) cos I

;

and using these in (IV.) we find (VII.), page 301.

Similarly, towards reducing for the semidiurnal,

cos 2a cos^^=(2 cos^a— 1) co8^S= 2 cos°0— (1 — sin^I sin^^)

= cos 20(1- 1 sin^I)+ i sin'I= cos 2^(1 + 1 cos'I)+ i sia'I,

and sin 2a cos^3=2 sin a cos h cos a cos h =co8 I sin 2(p.

Using these in (V.) we find (VIII.), page 301.

The sum of these three expressions (VI.), (VII.), and (VIII.),

7i = L+D+ S, (IX.)

would be the required complete simple harmonic expansion, if t were constant,

and if <p increased simply in proportion to the time.

To complete the process we must, by aid of physical astronomy, express r

and (p in terms of y.

For the case of the sun, the only deviation from uniform circular motion

which produces sensible influence on the tides is the elliptic inequality ; for

the case of the moon we must take into account also the perturbations called

evection and variation.

Por the case of the sun we have

r=||p^ l=w;v= 0; (X.)

if E denote the earth's mass, S the sun's mass, p his parallax at any time,

and u) the obliquity of the ecliptic. Let P denote the mean parallax, ^ the

longitude of the perihelion, and e the eccentricity of the orbit. As f now
denotes the sun's longitude, we have by the polar equation of the ellipse with

one focus as pole,

^=P{l + ecos((i»— ro)} ;

and by Kepler's first law —^ -^ is constant.
J- /L
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Hence if »j denote the mean angular velocity of the sun's radius vector, y
the angular velocity of the earth's rotation, and © the mean sun's right

ascension (or, which is the same, the sun's " mean longitude ") at the instant

of the first transit of Y after the vernal equinox of the year, we have

=?il+2ec»(,-.)} approximately

=^ I '\.+2ecosf^x+Q—'^)
\

approximately.

Henceforward ^ must denote the whole angle turned through by the earth
from the instant of the first transit of Y across the meridian of Greenwich
after a time when the sun's longitude was zero.

Hence, integrating,

0=©+ ^X+2«8in(^^^+ O-wj.

Now, if A denote any angle,

8in(-2^+A)= i

/'_ 20 -?^X+ ^)-'i^ cos /'-20-?^X+ ^) sin (-X+O-^) approximately:

and therefore as

p»=P'ri+3«cosnx-wj1 approximately. . . . (XL)

we have (XII.) (see page 301).

Going back now to (VI.), (VII.), and (VIII.), and attending to (X.), use

(XI.) in the first term of (VI.) and the last term of (VII.) ; neglect the

variation of parallax and put ^=— x+ O ^^ the small terms of (VI.), (VII.),

and (VIII.) ; use (XII.) in the first terms of (VII.) and (VIII.), giving to A the

respective values X—/ and^+2(x—^); and collect as in (IX.) : we fiud

(XIIL), (page 301).

To obtain the corresponding expression for the moon's equilibrium tide,

substitute in the preceding, h' for h, M for S, P' for P, I for w, e' for e, o- for

T), }> — y for O, -ro-'— I' for zs, f+f for /, and g+y for g : M denoting tlio

moon's mass, v the right ascension of the ascending node of the moon's orbit

on the earth's equator, ]) the mean moon's right ascension at the time of that

transit of T across the meridian of Greenwich from which x (as stated above)
is reckoned, cr' the longitude of the moon's perigee, o- the mean angular

smi
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velocity of the moon's radius vector, and d the eccentricity of her orbit. With
these exphmations, it is better not to write out the formula, but rather to

refer to (XIII.). But to complete the harmonic expression of the lunar

equilibrium tide, so far as practically useful, we must include terms resulting

from erection and variation, ilr. Hoberts having, ia working out the harmonic
analysis of the Liverpool tides for the Committee, discovered verj' sensible

effects of these perturbations of the moon's motion, and having thenceforward

analyzed for them regularly in every case in which the data were sufficiently

complete. The only term of (VI.), (VII.), or (VIII.) having evectioual and
variational constituents which can be sensible in North-Atlantic ports is the

chief semidiurnal tide represented by the first terra of (VIII.). For other seas

than the North Atlantic, the evectional and variational constituents of the

two chief lunar diurnal tides represented by the first and last terms of (VII.)

may be quite sensible ; but it is not worth while at present to work out the

e(juilibrium-values of these constituents ; it is enough to give the equUibrium-
values of the evectional and variational perturbations of the chief semidiurnal

tide, as it is only for these effects of evection and variation that the reductions

hitherto performed give the data for comparison with observation.

The theoretical expressions for the effects of evection and variation on the

moon's coordinates are :

—

Evection. Variation.

On longitude . J^^e' sin[2(f + »/— 0)-(<^' + »— cr')] ;
JJ^^^^ sin 2((p'+ v - 0).

On parallax . PJ^^ e'cos[2(9' + »/—(/))—(f + v-w')] ; P/'?^ cos2(<p'+ »/— 0).

In these expressions substitute for 0'+ v and ^ their approximate values,

?X+]) and ^x+O
y y

use the results in the first term of (VIII.) modified to suit the moon; and
work out according to (XI.) and (XII.). Thus we find, for the evectional

and variational semidiurnal tides, the equation (XIV.), page 301.]

In I. and II. of the following Tables, the coefficient (R), speed (m), and
epoch (e) of each of the simple harmonic terms of (XIII.) are given separately

for convenience of reference. Table I. contains the values of these quantities

for the case of the .<?un's equilibrium tide ; Table II. those for the moon's
equilibrium tide, with the addition of the evectional and variational consti-

tuents of the semidiurnal tides.
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Table I.

T=| ^p3a=24-6746 (a being taken in centimetres).

Is
to 2i
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Table II.

T'= 3 yp'3a = 53.6045.
2E

Distin- guishing
Letters.

So!:?;
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In the following Tables (I') and (II') the numerical values of R, so far as

they can be calculated, and of n are given. Table (I') corresponds to Table
(I.)

;
(II') to (III.) In Table (II') two values of K bracketed together are

given for each term— one for the mean maximum value of I, and the other

for the mean minimum value of I. These values of I are taken as 28° 36' 7"

and 18° 18' 31" respectively.

Tabi.k (I').

T=||Fa=24-674G.

Distin-

guishing

Letters.
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Table (IF).

T'= |Mp'3a=53-6045.

Distin-

guishing
Letters.
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Third Report of the Committee, consisting of Dr. Brunton, F.R.S.,

and Dr. Pye-Smith, appointed to investigate the Conditions of
Intestinal Secretion and Movement.

The first part of the task of your Committee respected the comparative effect

on intestinal secretion of various salts locally applied, and the action of

other drugs, either mingled with these or injected into the blood, in modify-

ing their action. This was completed in our first lleport, in which we gave

an account of our experiments on the local action of purgative salts, and

stated that atropia has not the same inhibitory effect on intestinal secretion

which it has on that of the submaxillary gland.

Secondly, we ascertained last year that the same " paralytic "' secretion which
Moreau observed in dogs and rabbits occurs under similar conditions in cats ;

and, further, that this effect is not produced by division of the pneumogastric

nerves and cervical sympathetic cord, nor by section of the splanchnics and
spinal cord, and that all these sources of nervous supidy may be cut off, and
both semilunar ganglia extirpated, without paralytic secretion following.

We ventured to anticipate that the inhibitory centre sought would be found

in the smaller ganglia of the solar plexus. We had also noticed that hypersemia

or haemorrhage of the intestinal miicous membrane does not follow either upon
division of the splanehnics or upon extirpation of the lumbar portion of the

spinal cord, but frequently occurs wlien both these operations have been
performed together.

This year your Committee have succeeded in proving positively that the

conclusion they had reached by the method of exclusion is correct, namely,

that the paralj^tic secretion of Moreau may be produced by extirpation of the

smaller ganglia of the solar plexus, including those which are found in the

superior mesenteric plexus.

We have also ascertained that removal of these ganglia is rarely followed

by hypei'Oimia or haemorrhage of the intestinal mucous memltraue.

Thirdly, turning to tlie last section of our investigation, the movements of

the intestine, we have obtained fairly conclusive evidence that its peristaltic

movement (in the cat) is unaffected by irritation of the distal end of the

divided splanehnics, but is called forth by stimulation of their proximal part.

The conclusions, then, to which your Committee have been led may be

thus summed up :—

•

1. Application of various soda and potash salts to the intestinal mucous
membrane produces a more or less profuse secretion, that caused by sulphate

of magnesia, acetate of potash, sulphate of soda, and tartrate of potash and
soda being most abundant.

2. The presence (in the intestine or in the blood) of atropia, morphia,

chloral, &c. does not prevent the above action of sulphate of magnesia.

3. The secretory nerves of the intestines have the small ganglia of the

solar and superior mesenteric plexuses for their centres ; hence secretion is

unaffected by section of the splanehnics, the vagi, or the dorso-lumbar part

of the cord.

4. Destruction of the lumbar part of the cord, after extirpation of the solar

plexus, produces haemorrhage or hyperaemia of the intestinal mucous mem-
brane, which is absent after division of the splanehnics. destruction of the
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semilunar ganglia and solar plexus, or division of the mesenteric nerves

themselves.

5. The splanchnic nerves are, as usually admitted, the vasomotor nerves of

the intestines, but have no centrifugal fibres to their muscular coats, and

can only indirectly affect them by diminishing their supply of blood.

(5. The splanchuics are the afferent nerves which regulate peristalsis of the

intestine, the efferent stimulus probably reaching its intraparietal ganglia

through the lumbar cord and abdominal sj-mpathetic.

The following are the details of the experiments made this year. With

those described in our two preceding Reports, they make up a total of more

than a hundred, as the basis of the above conclusions.

In the first series we continued and completed the experiments in our last

Report, undertaken to ascertain the nervous centre, separation from which

produces the " paralytic " secretion of Moreau. Starting from the negative

results with which we concluded our research last year, it will be seen that,

of the thirteen cases in which we removed the solar or the superior mesenteric

plexus, paralytic secretion resulted abiuidantly in Nos. 1, 2, 3, and 13, where

both Avere removed. Tlie same effect was produced in Nos. 7, 8, and 10,

whero the splanchuics and semilunar ganglia were left intact, and only the

smaller (inferior) ganglia of the solar plexus, with the superior mesenteric

offset from it, were excised. In No. 5, and also in No. 14, the paralytic

secretion was likewise present, though less abundant. In four cases

(Nos. 4, 6, 9, and 11) there was little or none; but in three of these

cases the dissection, by which we verified in each case the completeness of

the lesion produced, showed that the plexus had only been torn away from

the artery without complete excision of its ganglia ; and in No. 11 the superior

mesenteric plexus was simply cut across, so as to separate it from the semi-

lunar ganglia and splanchuics, with the superior part of the solar plexus. Thus

the negative results here, like those of last year's experiments, confirm

our present conclusions. In No. 12 there was enough fiuid foimd to

fill the loop moderately, but the rest of the intestine was empty : dis-

section did not show any defect in the previous operation, nor had there

been htemorrhage, diarrhoea, or sickness. It will, however, be noted that in

this experiment less time Lad elapsed than in any of the others (2 instead of

3|, 4, 5, or (3 hours) ; and this fact, taken with the observation of the most

abundant secretion having followed the longest period between the excision

of the plexus and the animal being killed (see No. 7), may perhaps explain

the scanty secretion in this instance.

The concluding series of experiments are on a diflicult subject, which has

already engaged the attention of Ludwig and his pupils, of Lister, Pfiiiger,

Wundt, Von Basch, and other distinguished physiologists. AVhether we are

justified in the conclusions which we have drawn we must wait for time to

determine, and will only add that we are well aware of the many possible

fallacies which attend the inquiry, as well as of the conflicting results of

previous investigators.

p.y.—Since this Report was presented (Glasgow, 1870), one of us, who was

fortunate in securing the requisite Certificate from the Home Oflice, has

obtained fresh results confirming those of the second series of these experi-

ments.—July 1877.
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SUMMAEY OF EXPERIMEJ^TS *.

FiEST Series.

No.

3J.

4.

Lesion.

Excision of both semilunar gan-
glia and of the superior mesen-
teric plexus. Two 4-inch loops
ligatured at beginning of je-

junum and at end of ileum.

Same as 1 . Superior mesenteric
artery accidentally wounded
and ligatured. Diarrhoea before
end of operation. Loops empty
before ligature.

Same as 1

Mesenteric plexus alone excised.

Same as 4. Three 4-inch loops
in jejunum ; middle and lower
ileum tied.

Hours.

4*

3-4.

Result.

Upper loop empty ; mucous mem-
brane dry. Between the loops
20 c. c. of mucus and serum
without bile or blood ; mucous
membrane moist. Lower loop
contained a little of the same.
Serous coat congested.

Cat vomited shortly before it was
killed. Peritoneal congestion of
intestines. Duodenum, mucous
membrane congested, hemor-
rhage into the gut. Upper
loop, 5 c. c. of pale ojjalescent

fluidt. Between the loops 40 c. c.

of similar but rather thicker
fluid, with a few streaks of blood
which was accidentally niixed
with it. Lower loop, 8 c. e. of
thin glairy fluid. Mucous mem-
brane congested throughout.

L'^pper loop, 8 c. c. of bile-stained

fluid. Between loops, 45 c. c. of
tui-bid fluid. Lowci- loop, 8 c. c.

of clear glairy fluid. Mucous
membrane normal.

All the loops empty, except a tape-
worm in the ileum. Mucous
membrane pale. [On dissection,

it was found that the operation
had been ^ery imperfectly per-
formed, so that the greater part
of the plexus was intact.]

Duodenum partly contracted, with
some fluid contents. Upper loop,

7 c. c. of fluid. Middle, .5 c. c,
with small tapeworm. Lower,
4 c. c. (darker) and a tapeworm.
Intestine injected outside
throughout ; mucous membi-ane
in upper loop injected, in the
others normal.

* The animals used throughout were cats, and the anajsthetic employed was chloroform
t The laboratory assistant, who had been a soldier in India, remarked that this fluid

was just like the i-ice-water stools he had seen in cholera epidemics.

I This cat was white, witli grey eyes, and was deaf
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Xo.

6.

8.

10.

11.

12.

13.

Lesion.

Same as 4

Same as 4.

Same as 4. Two loops tied ; one
iu upper jejunum 8 in., the

other in lower ileum 6 in.

Same as 4.

Same as 4. ( tue loop tied in lower
ileum IS in. Lacteal full.

Superior me.<enteric divided
from the solar plexus, but no
ganglia removed.

Superior mesenteric plexus di-

vided, and both semilunar
ganglia excised.

Solar plexus excised. Superior
mesenteric arter}- isolated by
excision of its plexus. Tiiree

loops as in No. 5.

Hours.

H

Kesult.

Upper loop, tapeworm and
round worms. Middle empty.
Lower, tapeworms. Mucous
membrane pale and bile-stained.

[The superior mesenteric plexus
was found to have been only de-
tached without excision.]

Upper loop, a little clear fluid.

Between loops, 52 c. c. of yel-

lowish, rather turbid and tena-
cious fluid. Lower empty. Mu-
cous membrane pale. >. o worms.
Serous coat injected.

LTpper loop. 21 c. c. of turbid and
blood-stained fluid ; tapeworm
and round worms. Between
loops, 28 c. c. of similar iiuid

;

no worms. Lower loop, 22 c. c.

of serous fluid : no worms. Mu-
cous membrane pale throughout,
and viscera aufeniic.

The whole intestine eiii]3ty. Mu-
cous membrane dry. One small
tapeworm. Clot in peritoneum
from oozing of a small vessel.

[Some of the plexus was found
only seijarated from the arlery,

but not destroyed.]

Jejunum and upper ileum (25 in.),

27 c. 0. yellow turbid fluid.

Loop 45 c. c. same fluid. Mu-
cous membrane rather pale.

No worms. Congested exter-
nally, and serous effusion in
peritoneum.

Negative result.

Only a few c.

in the loop.

c. of glairy fluid

12 The cat was sick during the night,
and pas.sed mucous stools. After
it was killed next moi-ning there

j

was no peritonitis found, but ef-

I fu.fion of chyle from puncture of

I

a^ lacteal during the operation.

I

Ujjper loop filled wii h dark brown
fluid. Middle the same, but not
so abundant. Lowei-. as upper.
Mucous membnine pale, axlema-
tous, and covered with thin te-

nacious nuicus. Two round
woruis and a tapeworm.
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Second Series.

14.—Cat under chloroform. Abdomen opened, and intestines exposed for

o or 6 minutes to the air. No movement. The interrupted current from
DuBois Reymond's induction-coil was used in this and the succeeding ex-

periments. Electrodes placed under left splanchnic. Secondary coil at 25,

no effect ; at 15, doubtful ; at 10, rapid anaemia of stomach and small intes-

tines and of a large mesenteric gland. No movement. Coil at 7 : con-
tinued anJBmia, which now extended to the kidneys ; no movement ; after

removal of the irritation, the ansemia continued and even increased for a
short time in the intestines, the kidneys recovering their normal vascularity

more quickly.

After the intestines had regained their normal vascularity, the coil was put
at 5, and the left splanchnic again irritated for 5 minutes. The effect was
the same, but much less decided than before. After the current was stopped,

the intestines became rapidly hypersemic. The irritation once more applied,

with the coil at 0, ansemia only ensued after 30 seconds. No movement
of the intestines. Ten minutes later the current was applied to the

right splanchnic with the secondary coil at 25 : no effect. Coil moved to

15 : anaemia of .stomach and intestines ; slight movement, which liad begun
before the first irritation, now ceased. Current stopped : normal vascularity

recovered; peristalsis began again, and became rather active; ecchymosis

apparent under the tunic of the right kidney.

Intestines at rest : vascularity normal. Right splanchnic irritated with coil

at 10 : after two minutes, anaemia of stomach and some coils of intestine.

Moved to 5, the large arteries became evidently smaller, though the vascularity

of the viscera was still only partially affected. After two minutes more no
movement.
The solar jjlexus, including the semilunar ganglia, was now excised, and

the superior mesenteric artertj isolated. The intestines were somewhat hyper-

semic, the kidneys normal, peristalsis rather active. An upper and lower

loop of 8 in. each ligatured as before. Coil at 15 : electrodes applied to both

splanchnics so as to irritate them at the same time : no antemia ; movement
slightly increased. Coil at 10 : no anaemia ; movement considerably increased.

Coil at 5 : active peristalsis of stomach and intestines, doubtful decrease of

vascularity.

The left splanchnic was next divided, and the electrodes applied to its

pro.vimal end, with the coil at 2.5. The movomeuts which were going on
before continued active, while the coil was moved to 15, 1(1, and 5. Slight

anaemia appeared with the coil at 15, and did not increase. After the

current was stojjped, the intestines continued their movements, and quickly

recovered a normal or perhaps slightly excessive vascularity. Frcsli irrita-

tion a few minutes later (of the proximal end of the left splanchnic) produced

no change in vascularity or in movement of the intestine.

The cat died several hours later without having vomited. The greater

part of the small intestine contained only a moderate quantity of fluid, but

the lower loop was filled with serum and thick white mucus. No worms.
On dissection the right semilunar ganglion and solar plexus adjacent were

found to be imjierfectly removed : otherwise the operation had succeeded.

15.-—Cat under chloroform. Abdomen opened and electrodes put on the

left splanchnic, -w'lih coW fit 25: no peristalsis, moderate injection. Current

on: at first apparent slight increase of vascularity, but when the coil was
moved to 15, pallor, with contiaction of the branches of the superior mesen-
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teric artery, became marked. No movement of stomach or intestines took

place.

16.—Cat chloroformed and put into a bath of -75 per cent, salt solution at

90° to 100° F., with the trachea opened so as to allow of complete immer-

sion*. After electrodes had been put on both splanclmks, with the intestines

at rest and moderatclj' injected, the current was put on with a commutator,

so as to pass through both nerves at once with the coil at 25, shifted after

two minutes to 15, and then to 5 and to 0, but without visible effect.

17.—Cat chloroformed and abdomen opened. Intestines pale. Pregnant

uterus. No peristalsis. Both splanchnics divided. Proximal end of right

irritated, with the coil at 25. After two minutes the uterus began moving

:

on breaking the circuit this ceased gradually. The same occurred on applpng

the electrodes in the same way to the left splanchnic, the intestines still re-

maining motionless and their injection not varying. The narcosis was kept

only moderately deep, the tail constantly moving. At every third or fourth

expiration there was a strong contraction of the abdominal walls with relaxed

dia])hragm (eifort at vomiting).

Electrodes were then applied to (the proximal end of) both splanchnics,

and the current passed through both at once. Coil at 25 : no change : intes-

tines drawn out from abdomen so as to bring the greater part into view ; they

were motionless and moderately vascular. Coil at 15, current on : active

peristalsis began, and soon spread to all the small intestines ; the uterus also

moved as before ; vascularity of the viscera not altered. After three minutes

the current was stopped, and the movements quickly ceased. Repeated with

the coil at 5 and at 10 no effect was produced, but general movements of the

voluntary muscles ensued from escape of the current.

The animal was then placed in a bath of "75 per cent, of salt solution at

about 90° F., arranged so as to cover the abdomen but allow of respiration,

and both sjilanrhnics were irritated with the coil at 10 : no effect.

Hemoved from bath : Jio movement. Left splanchnic (proximal end as

before) irritated with coil at 15. After 30 seconds active peristalsis began

in the colon, the uterus, and some folds of the small intestine. Moved to 10,

peristalsis appeared in fresh folds, which ceased on stopping the current.

Electrodes on right splanchnic: coil at 15 : no movement. Current on:

after a few seconds active peristalsis began in the stomach, spread to the

intestines, 'and by the end of the first minute all the small intestines were in

movement, as well as the uterus, the colon not participating. Moved up to

10, increased activity of motion, the colon continuing quiet, and the vascu-

larity of the viscera not affected, except as the tight contraction of the gut

produced transient pallor. On stopping the current, peristalsis ceased within

two minutes.

The electrodes were then applied io the superior mesenteric plexus, which.

was isolated for the purpose. Coil at 15, current on : slight movement
occurred, but not constantly ; the vascularity of the smaU intestine was
distinctly, though only moderately diminished. Applied to the 7'enal plexus

no change was visible, but after removal the kidney increased in vascularity.

Applied lastly to the nerves going to the spleen, that viscus shrunk from 5| to

5 inches in length.

18.—Cat under chloroform. Both splanchnics divided, and distal end of

left placed on electrodes, the intestines being anaemic and at rest. Coil at

25, current on : after 90 seconds there was very slight and limited peri-

* This precaution (in which we followed Sanders Ezn and Houckgeest) we found to

be useless for the object in yiew, and do not recommend it to future investigators.
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stalsis, but no other change. "With the coil at 15 there was no movement,
but the intestines were more vascular than before, which may, however, have
been due to sponging with warm water to remove some blood.

Experiment repeated with the animal in the bath. There was then no
change in vascularity, and no movement, except very slight peristalsis in a
single coil. (This cat had suffered from haemorrhage, owing to the liver being
bruised in restoring it by artificial respiration. The fact was discovered after

the animal was killed, and explained its feeble state during the experiments.)
19.—Cat chloroformed. Both splanchnies divided. Electrodes placed on

proximal end of left, and the animal immersed in the bath at 100° F. There
was at first active peristalsis, and after this had ceased, stimulation, with the
coil at 2-5, produced no effect on the vasculaiity or movement of the intes-

tines. Repeated out of the water there was still no movement, but the in-

testines became less vascular while the current passed, and then somewhat
hyperasmic.

Stimulation of the proximal end of the right splanchnic out of the bath
produced active peristalsis. The vascularity varied irregularly, and probably
independently, with moderate injection after the current was stopped.

On the left splanchnic being again irritated after an interval (with the coil

still at 25), peristalsis, which had become very languid, was distinctly in-

creased. The intestines became pale during the strong contraction of each
coil, but otherwise their vascularity was unaffected.

Stimulation of the splenic plexus reduced the length of the spleen from 3^
to 3^ inches.

Report of the Committee, consisting ofA. Vernon Harcourt, Professor
Gladstone, and Dr. Atkinson, appointed for the purpose of collect-

ing and suggestitig subjects for Chemical Research.

Before entering upon the task of forming a list of subjects, the members
of the Committee took opportunities of discussing the question privately
with other chemists, and found in many cases considerable doubts as to the
advisability of such a proceeding. Instead, therefore, of at once inviting

suggestions for research, the Committee considered it desirable to ascertain

the opinion of English chemists generally as to the feasibility of the proposed
scheme. The following Circular was accordingly sent to about fifty chemists,
who were either those of the highest oflicial standing, or who were known
to be engaged in research :

—

" British Association for the Advancement of Science.

" April 24, 1876.

" Dear Sir,—At the last Meeting of the British Association a Committee was
appointed, cousisting of Mr. Vernon Harcourt, Dr. Gladstone, and Dr. E. Atkinson,
with power to add to their number, to collect and suggest subjects for chemical
research.

" When the matter was discussed by the Committee of the Chemical Section,
at whose instance the above-named Committee was appointed, it was thought that
a step might be taken towards the organization of chemical inquiry by the for-
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mation aud publication of a list of subjects to be suggested by the leading chemists

of our own countrv, aud, if possible, of other countries also, from which younger

chemists wishing to undertake a research mii>kt select a subject with the assurance

that it wa^ considered new and important.
" It was thought also that such a list, however meagre and inadequate it might

be at the outset, would t' nd to increase as soon as the plan became more widely

known, and might ultimately, if chemists of other countries were willing to taka

part, become an important feature in a general organization of chemical research.

"A chemist undertaking the invcstii.-ation of any one of the suggested subjects

would send weird to the editors of the list, and might be placed in communi-
cation with the chemist by whom the subject was suggested. Each issue of the

list, which might be republished ai frequent intervals in some of the chemical

journals, would state which subjects had been already undertaken and by whom,
and thus the waste of labour wliich sometimes occurs through simultaneous work
on the .same subject would be prevented.

" It has, however, been objected that chemists are not likely to be so prodigal of

their ideas as such a scheme supposes, aud may prefer keeping the subjects of

researcli which have suggested themselves to their minds for their own or their

pupils' investigation. The answer to this would seem to depend upon the answer

to the general question, whether the supply of ideas or suggestions for research

exi.stiug in the minds of the leading chemists at the present day does or does not

largely exceed the number of sldlled hands at theii' disposal.

" Before, therefore, proceeding to invite j'ou and others to suggest subjects to

be placed upon the proposed list, the Committee are desirous of learning whether
in your judgment the scheme is likely to succeed, and whether, if the attempt to

form such a list is made, you would be willing to contiibute to it ; they would also

be glad of any opinions in reference to the matter with which you may favour

them.
" We are, dear Sir,

" Yours faithfully,
" A. G. Vbrnon IIarcoubt,
" J. H. Gladstone,
" E. Atkinson."

"P.S. Please address your answer. Dr. Atkinson, York Town, Surrey."

To this Circular only eight written replies were received, of which four may
be classed as favourable, namely, those from Mr. Abel, President of the

Chemical Society, Prof. Mills, Mr. Bolas, and Mr. 11. Warington ; three

as adverse to the scheme, viz. from Dr. Joule, Mr. Hartley, and Mr. Groves,

the latter embodying the views of Dr. Stenhouse ; and one as doubtful from
Mr. Buckton.

Among the objections raised to the proposed scheme perhaps the following

have been the most general :

—

That suggestions for subjects of research would only be needed by, or be
useful to, students and beginners, and that such men would generally be under
the guidance of Professors, who would provide them with subjects ; that the
suggestion of a subject is generally its least part; that what students really want
is guidance and instruction in the art of investigation ; that any one who had
originality and power to make a satisfactory research would also be able to

find subjects for himself; that facilities and material appliances for research,

together with the means of living for those thus engaged, were more pressing

wants ; that any one contributing suggestions for research would reserve for

his own use the best of them, that is to say, those most likely to give im-
portant and satisfactory results.

Of the letters received, the Committee may perhaps give the following from
Mr. Buckton and from Dr. Joule :

—
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"Wycombe, Haslemere.

" I believe that the result of chemical iiiquii'y would be greater and more
important in nature if the suggestions made Isy j-our Committee could be
efficiently carried out. I must confess, however, that my fears shape them-
selves very much after the fashion expressed by paragraph 5 of your Circular.

" Original workers, I believe, always are under the hope that eventually

time and opportunity will present themselves, so that they wiU allow them
personally to work out their brightest and most promising ideas. If this be
so, but few of such will find a place in the contemplated list. Again, hesita-

tion might be felt amongst some lest the most promising subjects should

be negatived by the results of an inexperienced hand.
" The number of skilled hands in our laboratories is certainly larger than

formerly, yet probably in this country latterly the harvest of original work
has not been in due proportion to this number.

" If so, the steps proposed towards the organization of chemical inquiry by
way of a list will, I think, be beneficial.

" G. B. BtrCKTON."

" Manchester, May 4, 1876.

" We know that the scientific faculty is of slow growth in the case of any
individual student. He becomes interested in a particular line of inquiry,

and in pursuing it becomes further interested by the acquisition of new facts.

The original inquiry will naturally ramify, and there will be a completeness

about his work and also an accuracy which could not be expected from that

done as it were to order. I think, too, that the mere suggestions of a research

may tend to make it unpalatable to many minds. We know that mere sug-

gestions have in some instances been claimed as discoveries. On this account

many would feel some delicacy in even suggesting an inquiry, necessarily

accompanied by the suggestion of the expected result, simply because it looks

like a forestalling to some extent of the merit of the actual labourer.

"Then, in order to be in a position to suggest, a scientific man must have
mentally worked out the methods and anticipated the results of the proposed

train of investigation, and would doubtless prefer to work it out himself, or,

at any rate, to have the work done by his pupils under his immediate super-

intendence—first, because he naturally wishes that full justice should be done

to the subject from his own point of view ; and second, because he considers

himself to a certain extent in the light of a jiroprietor.

" I do not think it desirable to use any extra stimulus to induce students

to work. If their own tastes and abilities and information do not lead them
to find a vein of knowledge and work it, the application of such stimulus

would probably result in the accumulation of incomplete and erroneous results

to the hindrance of real scientific advancement.
" James P. Jouie."

In order that the proposed scheme should be successful it ought to meet
with very general support. This has been far from being the case, and there-

fore the Committee have not thought it advisable to proceed further in the

matter.
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MISCELLANEOUS COMMUNICATIONS TO THE SECTIONS.

MATHEMATICS AND PHYSICS. *

Address by Professor Sir "William Thomson, LL.D., M.A., F.B.S., President

of the Section.

A CONVERSATION whicli I had with Professor Newcomb one evening last June, in

Professor Henry's drawing-room in the Smithsonian Institution, Washington, has
forced me to give all my spare thoughts ever since to Hopkins's problem of Preces-
sion and Nutation, assuming the earth a rigid spheroidal shell filled with liquid.

Six weeks ago, when I landed in England after a most interesting trip to America
and back, and became painfully conscious that I must have the honour to address
you here today, I wished to wiite an Address of which science in America should
be the subject. I came home, indeed, vividly impressed with much that I had
seen both in the Great Exhibition of Philadelphia and out of it, showing the truest

scientific spirit and devotion, the originality, the inventiveness, the patient perseve-
ring thoroughness of work, the appreciativeness, and the generous open-mindedness
and sympathy, from which the gi-eat things of science come.

" GeXai \iyeii' 'ATpi-lSas

GeXu) Se KaSfiov q,5eiv"

I wish I could speak to you of the veteran Henry, generous rival of Faraday in

electromagnetic discover}' ; of Peirce, the founder of high mathematics in America

;

of Bache, and of the splendid heritage he has left to America and to the world in

the United-States Coast Survey ; of the great school of astronomers which followed
—Gould, Newton, Newcomb, Watson, Young, Alvan Clarke, Rutherford, Draper
(father and son) ; of Commander Belknap and his great exploration of the Pacific

depths by pianoforte-wire with imperfect apparatus supplied from Glasgow, out of
which he forced a success in his own way ; of Captain Sigsbee, who followed
with like fervom- and resolution, and made further improvements in the apparatus
by which lie has done marvels of easy, quick, and sure deep-sea sounding in his

little surveying-ship ' Blake
;

' and of the admirable official spirit which makes such
men and such doings possible in the United-States Naval Service. I would like to

tell you, too, of my reasons for confidently expecting that American hydrogi-aphy
will soon supply the data from tidal observations, long ago asked of our Govern-
ment in vain by a Committee of the British Association, by which the amoimt of
the earth's elastic yielding to the distorting influence of sun and moon will be
measured ; and of my strong hope that the Compass Department of the American
Navy will repay the debt to France, England, and Germany, so appreciatively

acknowledged in their reprint of the works of Poisson, -^ijyj Arcliibald Smith,
1876. 1
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Evans, and the Liverpool Compass Committee, by giving iu return a fresh marine

survey of terrestrial mafjnetism, to supply the navigator with data for correcting

his compass without sights of sun or stars.

Can 1 go on to Precession and Nutation without a word of what I saw in the

Great Exhibition of Philadelphia ? In the U.S. Government part of it, Professor

Hilgard showed me the measuring-rods of the U.S. Coast Survey, with their beau-

tiful mechanical appliances for end measiu-ement, by whicli the three great base-

lines of Maine, Long Island, and Georgia were measured with about the same
accuracy as the most accurate scientific measurers, whether of Europe or America,

have attained in comparing two metre or yard measm'es.

In the United-States telegraphic department I saw and heard Elisha Gray's

splendidly worked-out Electric Telephone actually sounding four messages simul-

taneously on the Morse code, and clearly capable of doing yet four times as many
with very moderate improvements of detail ; and I saw Edison's Automatic Tele-

graph delivering 1015 words in 57 seconds— this done by the long-neglected

electro-chemical method of Bain, long ago condemned in England to the helot

work of recording from a relay, and then turned adrift as needlessly delicate for

that. In the Canadian Department I heard " To be or not to be there's the

rub,'' through an electric telegraph wire ; but, scorning monosyllables, the electric

articulation rose to higher flights, and gave me passages taken at random from the

New-York newspapers :
—" S.S. ' Cox ' has arrived " (I failed to make out the S.S.

' Cox ') ;
" the City ofNew York :" " Senator Morton ;" " The Senate has resolved to

print a thousand extra copies ;"' " The Americans in London have resolved to

celebrate the coming fourth of July." All this my own ears heard, spoken to me
with unmistakable distinctness by the thin circular disk armature of just such

another little electromagnet as this which I hold in ray hand. The words were
shouted with a clear and loud voice by my colleague-judge. Professor Watson, at

the far end of the telegraph-wire, holding his moiith close to a stretched membrane,
such as you see before you here, carrying a little piece of soft iron, which was tlius

made to'perform in the neighbourhood of an electromagnet in circuit with the line

motions proportional to the sonorific motions of the air. This, the greatest by far

of all the marvels of the electric telegTaph, is due to a young countryman of our own,
Mr. Graham Bell, of Edinburgh and Montreal and Boston, now becoming a

natmalized citizen of the United States. Who can but admire the hardihood of

invention which devised such very slight means to realize the mathematical con-

ception that, if electricity is to convey all the delicacies of quality which di-

stinguish articulate speech, the strength of its current must vary continuous!}' and
as nearly as may be in simple proportion to the velocity of a particle of air engaged

in constituting the soimd ?

The Patent Museum of Washington (an institution of which the nation is justly

proud) and the beneficent working of the LTuited-States patent laws deserve notice

in the Section of the British Association concerned with branches of science to

which nine tenths of all the useful patents of the world owe their foundations.

I was much struck Avith the prevalence of patented inventions in the Exhibition :

it seemed to me that every good thing deserving a patent was patented. I asked

one inventor of a very good invention, " Why don't you patent it in England? "

He answered, " The conditions in England are too onerous." We certainly are far

behind America's wisdom in this respect. If Europe does not amend its patent

laws (England in the opposite direction to that proposed in the Bills before the

last two sessions of Parliament) America will speedily become the nursery of

useful inventions for the world.

I should tell you also of " Old Prob's " weather-waniings, which cost the nation

250,000 dollars a year: money well spent say the western fanners; and not they

alone ;
in this the whole people of the United States are agreed ; and though Demo-

crats or Eepnblicans playing the " economical ticket " ma}' for half a session stop

the appropriations for even the United-States Coast Survej', no one would for a

moment think of proposing to starve " Old Prob ;
" and now that 80 per cent, of his

probabilities have proved true, and General Myers has for a month back ceased to

call his daily forecasts " probabilities " and has begun to call thenl indications, what
will the western farmers call him this time next year ?
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And the United-States Naval Observatory, full of the very highest science, under

the command of Admiral Davis! If, to get on to Precession and Nutation, I had
resolvt'd to omit telling you that I had there, in an instrument for measuring pho-

togi-aphs of the Transit of Venus shown nie by Professor Ilarkness (a young Scots-

man attracted into the United-States Naval Service), seen, for the first time in an

astronomical observatory, a geometrical slide, the verdict on the disaster on board

the 'Thunderer,' published while I am writing this address, forbids me to keep any
such resolution, and compels me to put the question—Is there in the British Navy,
or in a British steamer, or in a British land-boiler another safety-valve so con-

structed that by any possibility, at any temperatm'e or under any stress, it can jam ?

and to say that if there is, it must be instantly con-ected or removed.

I ought to speak to you, too, of the already venerable Harvard University, the

Cambridge of America, and of the Technological Institute of Boston, created by
William Rogers, brother of my late colleague in this University (Glasgow), Henry
Rogers, and of the Johns Hopkins University of Baltimore, which with its youthful

vigour has torn Sylvester from us, has utilized the genius and working-power of

Roland for experimental research, and three days after my arrival in America sent

for the young Porter Poinier to make him a Fellow ; but he was on his deathbed,

in New York, "begging his physicians to keep him alive just to finish his book,

and then he would be willing to go." Of his book, 'Thermodynamics,' we may
hope to see at least a part, for nuich of the manuscript and good and able

friends to edit it are left; but the appointment to a Fellowship in the Johns

Hopkins University came a day too late to gratify his noble ambition.

But the stimulus of intercourse with American scienfillc men left no place in

my mind for framing or attempting to frame a report on American science. Dis-

turbed by Newcomb's suspicions of the eirth's irregularities as a time-keeper, I

could think of nothing but precession and nutation, and tides and monsoons, and

settlements of the equitorial regions, and meltings of the polar ice. Week after

week passed before I could put down two words which I could read to you here

today ; and so I have nothing to ofler you for my Address but

Review of Evidence rer/ardinr/ the Ph)/sicfd Condition of the Earth: its internal

Temperatii,re ; the Fluidity or SoUdit}/ of its interior Substance ; the

Eic/idity, Elasticity, Plasticity, of its Eocterncd Figure ; and the Per-

manence or Variability of its Period and Axis of Rotation.

The evidence of a high internal temperature is too well known to need any quo-

tation of parliculars at present. Suthce it to say that below the uppermost ten

metres stratum of rock or soil sensibly affected by diurnal and annual variations of

temperature there is generally found a gradual increase of temperature downwards,
approxinrating roughly in ordinary localities to an average rate of 1° Centigrade

per thirty metres of descent, but much greater in the neighbourhood of active vol-

canoes and certain other special localities, of comparatively small area, where hot

springs and perhaps also sulphurous vapours prove an intimate relationship to vol-

canic quality. It is worthy of remark in passing that, so far as we know at present,

there are no localities of exceptionally small rate of augmentation of imderground

temperature, and none where temperature diminishes at any time through any con-

siderable depth downwards below the stratum sensibly influenced by summer heat

and winter cold. Any considerable area of the earth of, say, not less than a kilo-

metre in anv horizontal diameter, which for several thousand years had been covered

by snow or ice, and from which the ice had melted away and left an average surface

temperature of 13° Cent., would, during 9(J0 years, show a decreasing temperature

for some depth down from the surface ; and 3600 years after the clearing away of

the ice would .still show residual effect of the ancient cold, in a half rate of aug-

mentation of temperature downwards in the upper strata, gradually increasing to

the whole normal rate, which would be sensibly reached at a depth of 000 metres.

By a simple effort of geological calculus it has been estimated that 1°
j er -30

metres gives 1000° per .30,000 metres, and 333.3° per 100 kilometres. This aiith-

metical result is irrefragable ; but what of the physical conclusion drawn from it
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with marvellous frequency and pertinacity, that at depths of from 30 to 100 kilo-

metres the temperatures are so high as to melt all substances composing the earth's

upper crust ? It has been remarked, indeed, that if observation showed any dimi-

nution or augmentation of the rate of increase of underground temperature in great

depths, it would not be right to reckon on the uniform rate of 1 ° per 30 metres or

thereabouts down to 30 or 60 or 100 kilometres. " But observation has shown
nothinty of the kind ; and therefore surely it is most consonant with inductive philo-

soph}' to admit no great deviation in any part of the earth's solid crust fi-om the

rate of increase proved by observation as far as the greatest depths to which we
have reached ! " Now I have to remark upon this ai'gument that the gi-eatest depth

to which -we have reached in observations of underground temperature is scarcely

one kilometre ; and that if a 10-per-cent. diminution of the rate of augmentation of

underground temperature downwards were found at a deptli of one kilometre, this

would demonstrate * that within the last 100,000 years the upper siwface of the

earth must have been at a higher temperatui-e than that now found at the depth

of one kilometre. Such a result is no doubt to be found by observation in places

which have been overtiowu by lava in the memory of man or a few thousand

years further back ; but if, without going deeper than a kilometre, a 10-per-cent.

diminution of the rate of increase of temperature downwards were found for the

whole earth, it would limit the whole of geological history to witliin 100,000

years, or, at all events, would interpose an absolute barrier against the continuous

descent of life on the earth from earlier periods than 100,000 years ago. There-

fore, although search in particular localities for a diminution of the rate of aug-

mentation of underground temperature in depths of less than a kilometre may be

of intense interest, as helping us to fix the dates of extinct volcanic actions which
have taken place within 100,000 years or so, we know enough fiom tlioroughly sure

geological evidence not to expect to find it, except in particular localities, and to

feel quite sure that we shall not find it imder any considerable portion of the earth's

surface. If we admit as possible any such discontinuity within 900,000 years, we
might be prepared to find a sensible diminution of the rate at three kilometres

depth ; but not at any thing less than 30 kilometres if geologists validly claim as

much as 90,000,000 of years for the leng-th of the time with which their science is

concerned. Now this implies a temperature of 1000° Cent, at the depth of 30 kilo-

metres, allows something less than 2000° for the temperature at 60 kilometres, and
does not require much more than 4000° Cent, at any depth however great, but does

require at the great depths a temperature of, at all events, not less than about 4000°

Cent. It would not take much " hurrying up " of the actions with which they are

concerned to satisfy geologists with the more moderate estimate of 60,000,000 of

years. This would imply at least about 3000° Cent, for the limiting temperature

at great de]ith8. If the actual substance of the earth, whatever it may be, rocky

or metallic, at depths of from 60 to 100 kilometres, under the pressure actually there

experienced by it, can be solid at temperatures of from 3000° to 4000°, then we
may hold the former estimate (90,000,000) to be as probable as the latter

(50,000,000), so far as evidence from undergi-ouud temperature can guide us. If

4000° would melt the earth's substance at a depth of 100 kilometres, we must reject

the former estimate though we might still admit the latter ; if 3000° would melt

the substance at a depth of 00 kilometres, we should be compelled to conclude that

50,000,000 of years is an over-estimate. Whatever may be its age, we may be

quite sure the earth is solid in its interior ; not, I admit, throughout its whole
volume, for there certainly are spaces in volcanic regions occupied by liquid lava

;

but whatever portion of the whole mass is liquid, whether the waters of the ocean

or melted matter in the interior, these portions are small in comparison with the

whole ; and we must utterly reject any geological hypothesis which, whether for

explaining underground heat or ancient upheavals and subsidences of the solid

crust, or earthquakes, or existing volcanoes, assumes the solid earth to be a shell

of 30, or 100, or 50^, or 1000 kilometres thickness, resting on an interior liquid

mass.

* For proof of this and following statements regarding underground heat, I refer to
" Secular Cooling of the Earth," Transactions of the Eoval Society of Edinburgh, 1SG2;

and Thomson and Tail's ' Natural PhiloEophy,' Appsndix D,
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This conclusion was first arrived at by Hopkins, who may therefore properly be

called the discoverer of the earth's solidity. He was led to it by a consideration

of the phenomena of precession aiid nutation, and gave it as shown to be highly

probable, if not absolutely demonstrated, by his confessedly imperfect and tentative

investigation. But a rigorous application of the perfect hydrodynamical equations

leads still more decidedly to the same conclusion.

I am able to say this to vou now in consequence of the conversation with Pro-

fessor Newcomb, to which 1 have already alluded. Admitting fully my evidence

for the rigidity of the earth from the tides, he doubted the argument from preces-

sion and nutation. Trying to recollect what I had written on it fourteen years

ago in a paper on the " Rigidity of the Earth," published in the Transactions of the

Royal Society, my conscience smote me, and I could only stammer out that I had
convinced myself that so-and-so and so-and-so, at which I had arrived by a non-

niathematieal short cut, were true. He hinted that viscosity might suffice to render

precession and nutation the same as if the earth were rigid, and so vitiate the

argument for rigidity. This I could not for a moment admit, any more than when
it was first put forward by Delaunay. But doubt entered my mind regarding the

so-and-so and so-and-so ; and I had not completed the night journey to Phila-

delphia which hurried me away from our unfinished discussion before I had con-

vinced myself that they were grievously wrong. So now I must request as a favour

that each one of you on going home will instantly turn up his or her copies of the
' Transactions of the Royal Society ' for 1862 and of Thomson and Tait's ' Natural
Philosophy,' vol. i., and di-aw the pen through §§ 2.5-31 of my paper on the
" Rigidity of the Earth " in the former, and through every thing in §§ 847, 848, 849
of the latter which refers to the effect on precession and nutation of an elastic

yielding of the earth's surface.

When those passages were written I knew little or nothing of vortex motion ; and
until my attention was recalled to them by Professor Newcomb I had never once

thought of this subject in the light thro\vn upon it by the theor}^ of the quasi-

rigidity induced in a liquid by vortex motion, which has of late occupied me so

much. With this fresh light a little consideration sufficed to show me that

(although the old obvious conclusion is of course true, that, if the inner boundary
of the imagined rigid shell of the earth were rigorously spherical, the interior liquid

could experience no precessional or nutational influence from the pressure on its

bounding surface, and therefore if homogeneous could have no precession or nuta-

tion at all, or if heterogeneous only as much precession and nutation as woidd be

produced by attraction from without in virtue of non-sphericity of its surfaces of

equal density, and therefore the shell woidd have enormously more rapid precession

and nutation than it actually has—forty times as much, for instance, if the thickness

of the shell is 60 Irilometres) a very slight deviation of the inner surface of the shell

from perfect sphericity would suffice, in virtue of the quasi- rigidity due to vortex

motion, to hold back the shell from taking sensibly more precession than it would
g-ive to the liquid, and to cause the liquid (homogeneous or heterogeneous) and the

shell to have sensibly the same precessional motion as if the whole constituted one
rigid^body. But it is only because of the very long period (26,000 years) of pre-

cession, in comparison with the period of rotation (one day), that a very slight

deviation from sphericity would suffice to cause the whole to move as if it were a

rigid body. A little further consideration showed me :

—

(1) That an elHpticity of inner surface equal to —— would be too small,

but that an ellipticity of one or two hundred times this amount would not be too

small to compel approximate equality of precession throughout liquid and shell.

(2) That with an ellipticity of interior surface equal to y^Q, if the precessional

motion were 26,000 times as great as it is, the motion of the liquid would be very
different from that of a rigid mass rigidly connected with the shell.

(3) That with the actual forces and the supposed interior ellipticity of ^, the

lunar uineteen-yearly nutation might be affected to about five per cent, of its

amount by interior liquidity.
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(4) Lastly, that the lunar semiannual nutation must he largely, and the lunar

fortnightly nutation enormously affected by interior liquidity.

But although so much could be foreseen readily enough, I found it impossible

to discover without thorough mathematical investigation what might be the cha-

racters and amounts of the deviations from a rigid body's motion which the several

cases of precession and nutation contemplated would present. The investigation,

limited to the case of a homogeneous liquid enclosed in an ellipsoidal shell, has

brought out results which I confess have greatly surprised me. When the interior

ellipticity of the .shell is just too small, or the periodic speed of the distiu bance j ust

too great to allow the motion of the whole to be sensibly that of a rigid body, the

deviation first sensible renders the processional or nutational motion of the shell

smaller thau if the whole were rigid, instead of greater, as I expected. The amount
of this difference bears the same proportion to the actual precession or nutation as

the fraction measining the periodic -speed of the disturbance (in terms of the period

of rotation as unity) bears to the fraction measuring the interior ellipticity of the

shell; and it is remarkable that this result is independent of the thickness of the

shell, assumed, however, to be small in proportion to the earth's radius. Thus in

the case of precession the eflect of interior liquidity would be to diminish the periodic

speed of the precession in the proportion stated ; 'in other words, it would add to

the precessional period a number of days equal to the multiple of tlie rotational

period equal to the number whose reciprocal measures the ellipticity. Thus, in the

actual case of the earth, if we still take — as the ellipticity of the inner boundary

of the supposed rigid shell, the effect would be to augment by 800 days the pre-

cessional period of 2G00 years, or to diminish by about - the annual precession

of about 51", an effect which I need not say would be wholly insensible. But on
the hmar nutation of 18'6 years period, the effect of interior liquidity would be
quite sensible; 18-6 years being twenty- three times 300 days, the eflect would be

to diminish the axes of the ellipse which the earth's pole desciibes in this period

each by gg of its own amount. The semiaxes of this ellipse, calculated on the

theory of perfect rigidity from the very accurately known amount of precession,

and the fairly accurate knowledge which we have of the ratio of the lunar to the

solar part of the precessional luotion, are 9"-22 and 6"'86, -n-ith an uncertainty not

amounting to one half per cent, on account of want of perfect accuracy in the latter

part of data. If the true values were less each by ^ of its own amount, the dis-

crepance might have escaped detection, or might not have escaped detection ; but
certainly could be found if looked for. So far nothing can be considered as abso-

lutely proved with reference to the interior solidity of the earth from precession

and nutation ; but now think of the solar semiannual and the lunar fortnightly

nutations. The period of each of these is less than -'jOO days. Now the hydro-
dynamical theory shows that, in-espectively of the thickness of the shell, the nuta-

tion of the crust would be zero if the period of the nutational disturbance were

300 times the period of rotation (the ellipticity being .^) ; if the nutational period

were any thing between this and a certain smaller critical value depending on the

thickness of the crust, the nutation would be negative ; if the period were equal to

this second critical value, the nutation would be infinite ; and if the period were
still less, the nutation would be again positive. Further, the 183 days period of

the solar nutation falls so little short of the critical SCO days that the amount
of the nutation is not sensibly influenced by the thickness of the crust, is negative

and equal in absolute value to ^ (being the reciprocal of js^— 1) times what

the amount would be were the earth solid throughout. Now this amount, as

calculated in the 'Nautical Almanac,' makes 0"-55 and 0"'51 the semiaxes of the

ellipse traced by the earth's axis round its mean position ; and if the true nutation

placed the earth's axis on the opposite side of an ellipse, having 0"-86 and 0"-81 for

its .semiaxes, the discrepance could not possibly have escaped detection. But, lastly,

think of the lunar fortnightly nutation. Its period is ^ of 300 days, and its

amount, calculated in the ' Nautical Almanac ' on the thee ry of complete solidity, is
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Such that the "fi-eatpr semiaxis of the approximately circular ellipse described by the

pole is 0"0325. AVere the crust infinitely thin this nutation would be negative, but
its amount nineteen times that corresponding to solidity. This would make the

greater semiaxis of the approximately circular ellipse described by the pole amomit
to 19x0""0885, which is 1""7. It would be negative and of some amount between
1"'7 and infinity, if the thickness of the crust were any thing li'om zero to 120 kilo-

metres. This conclusion is absolutely decisive against the geological hypothesis of

a thin rigid shell full of liquid.

But interesting in a dynamical point of view as Hopkins's problem is, it can-
not afford a decisive argument against the earth's interior liquidity. It assumes
the crust to be perfectly stifi' and unj'ielding in its figure. This, of course, it cannot
be, because no material is infinitely rigid ; but, composed of rock and possibly of

continuous metal in the great depths, may the crust not, as a whole, be stiff enough
to practically fulfil the condition of unyieldingness ? No, decidedly it coidd not

:

on the contrary, were it of continuous steel and 500 kilometres thick, it would
yield very nearly as much as if it were india-rubber to the deforming influences of

centrifugal force and of the sun's and moon's attractions. Now although the full

problem of precession and nutation, and, what is now necessarily included in it,

tides, in a continuous revolving liqiud spheroid, whether homogeneous or hetero-

geneous, has not yet been coherently worked out, 1 thinli I see far enough towards
a complete solution to say that precession and nutations will be practically the
same in it as in a solid globe, and that the tides will be practically the same as

those of the equilibrium theory. From this it follows that precession and nuta-
tions of the solid crust, with the practically perfect flexibilitj^ which it would have
even though it were 100 kilometres thick and as stifi' as steel, would be sensibly

the same as if the whole earth from surface to centre were solid and perfectly stiff',

Hence precession and nutations yield nothing to be said against such hypotheses
as that of Uarwiu*, that the earth as a whole takes approximately the figure due to

gi-avity and centrifugal force, because of the fluidity of the interior and the flexi-

bility of the crust. But, alas for this " attractive sensational idea that a molten
interior to the globe underlies a superficial crust, its surface agitated by tidal

waves, and flowing freely towards any issue that may here and there be opened for

its outward escape " (as Poulett Scrope called it) ! the solid crust would yield so

freely to the deforming influence of sun and moon that it would simply carry the
waters of the ocean up and down with it, and there would be no sensible tidal

rise and fall of water relatively to laud.

The state of the case is shortly this :—The hypothesis of a perfectly rigid crust

containing Hquid violates physics by assrmiing preternaturally rigid matter, and
violates dynamical astronomy in the solar semiannual and lunar fortnightly nuta-
tions ; but tidal theory has nothing to say against it. On the other hand, the tides

decide against any crust flexible enough to perform the nutations correctly with
a liquid interior, or as flexible as the crust must be unless of preternaturally rigid

matter.

But now thrice to slay the slain : suppose the earth this moment to be a thin
crust of rock or metal resting on liquid matter ; its equilibrium would be unstable !

And what of the upheavals and subsidences ? They would be strikingly analogous
to those of a ship which has been rammed—one portion of crust up and another
down, and then all down. I maj' say, with almost perfect certainty, that whatever
may bo the relative densities of rock, solid and melted, at or about the temperature
of liquefaction, it is, I think, quite certain that cold solid rock is denser than hot
melted rock ; and no possible degree of rigidity in the crust could prevent it from
breaking in pieces and sinking wholly below the liquid lava. Something like this

may have gone on, and probably did go on, for thousands of years after solidifica-

tion commenced—surface-portions of the melted material losing heat, freezing,

sinking immediately, or gTowing to thicknesses of a few metres, when the surface

would be cool and the whole solid dense enough to sink. " This process must go

* " Observations on tho Parallel Heads of Glen Eoj' and other parts of Lochaber in.

Scotland, with an attempt to prove that they are of marine origin," Transactions of the
Eoyal Society for Feb. 1839, p. 81.
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on until the sunk portions of crust build up from the bottom a sufficiently close-

ribbed skeleton or frame to allow fresh incrustations to remain, bridging across

the now small areas of lava pools or lakes.

" In the honeycombed solid and liquid mass thus formed there must be a con-

tinual tendency for the liquid, in consequence of its less specitic gravity, to work
its way up ; whether by masses of solid falling from the roofs of vesicles or tunnels

and causing earthquake-shocks, or by the roof breaking quite through when very
thin, so as to cause two such hollows to unite or the liquid of any of them to flow

out freely over the outer surface of the earth, or by gradual subsidence of the solid

owing to the thermodynamic melting which portions of it under intense stress

must experience, according to my brother's theory. The results which must follow

from this tendency seem sufficiently great and various to account for all that we
learn from geological evidence of earthquakes, of upheavals and subsidences of

solid, and of eruptions of melted rock."*

Leaving altogether now the hypothesis of a hollow shell filled with liquid, we
must still face the question, how much does the earth, solid throughout, except

small cavities or vesicles filled with liquid, yield to the deforming (or tide-gene-

rating) influences of sun and moon ? This question can only be answered by obser-

vation. A single infinitely accurate spirit-level or plummet far enough away from
the sea to be not sensibly affected by the attraction of the rising and falling water
would enable us to find the answer. Observe by level or plummet the changes of

direction of apparent gravity relatively to an object rigidly connected with the

earth, and compare these changes with what they would be were the earth perfectly

rigid, according to the kno'WTi masses and distances of sun and moon. The dis-

crepance, if any is found, wo idd show distortion of the earth, and would afford data
for determining the dimensions of the elliptic spheroid into which a non-rotating

globular mass of the same dimensions and elasticity as the earth woidd be distorted

by centrifugal force if set in rotation, or by tide- generating influences of sun or

moon. The effect on the plumb-line of the lunar tide-generating influence is to

deflect it towards or from the point of the horizon nearest to the moon, according
as the moon is above or below the horizon. The effect is zero when the moon is

on the horizon or overhead, and is greatest in either direction when the moon is

46° above or below the horizon. "VVheu this greatest value is reached, the plummet

is drawn from its mean position through a space equal to
., f.(,n nnn

^^ ^^® length of

the thread. No ordinary plummet or spirit-level could give any perceptible indication

whatever of this effect ; and to measm-e its amount it would be necessary to be able

to observe angles as small as ivp qqo ooo °^ ^^^ radian, or about -g^". Siemens's

beautiful hydrostatical multiplying level may probably supply the means for doing-

this. Otherwise at present no apparatus exists within small compass by which it

could be done. A submerged water-pipe of considerable length, say 12 kilometres,

with its two ends turned up and open, might answer. Suppose, for example, the
tube to lie north and south, and its two ends to open into two small cisterns, one
of them, the southern for example, of half a decimetre diameter (to escape disturb-

ance from capillary attraction), and the other of two or three decimetres diameter
(so as to throw nearly the whole rise and fall into the smaller cistern). For sim-
plicity, suppose the time of observation to be when the moon's declination is zero.

The water in the smaller or southern cistern will rise from its lowest position to

its highest position while the moon is rising to maximum altitude, and fall again
after the moon crosses the meridian till she sets ; and it will rise and fall again
through the same range from moouset to moonrise. If the earth were perfectly

rigid, and if the locality is in latitude 45°, the rise and fall would be half a milli-

metre on each side of the mean level, or a little short of half a millimetre if the
place is within 10° north or south of latitude 45°. If the air were so absolutely

qiuescent during the observations as to give no varying differential pressure on
the two water-surfaces to the amount of -j^g millimetre of water or ^ f\g of mer-
cury, the observation would be satisfactorily practicable, as it wotild not be difficult

* " Secular Cooling of the Earth, " Transactions of the Eoyal Society of Edinburgh,
1862 (W.Thomson), and Thomson and Tait's ' Natural Philosophy,' §§ (ec), (ff).
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by aid of a microscope to observe the rise and fall of the water in the smaller cistern

to -i}ff of a millimetre ; but no such quiescence of the atmosphere could be expected
at any time ; and it is probable that the variations of the water-level due to diflerence

of the barometric pressure at the two" ends would, in all ordinary weather, quite

overpower the small effect of the lunar tide-generating- motive. If, however, the

two cisterns, instead of being open to the atmosphere, were connected air-tightly

by a return-pipe with no water in it, it is probable that the observation might be
successfully made : but Sieniens's level or some other apparatus on a similarly small

scale would probably be preferable to any elaborate method of obtaining the result

by aid of verj' long pipes laid in the ground ; and I have only called your attention

to such an ideal method as leading up to the natural phenomenon of tides.

Tides in an open canal or lake of 12 kilometres length would be of just the

amount which we have estimated for the cisterns connected by submerged pipe

:

but would be enormously more disturbed by wind and variations of atmospheric

pressure. A canal or lake of 240 kilometres length in a proper direction and in a

suitable locality would give but 10 millimetres rise and fall at each end, an efl'ect

which might probably be .analyzed out of the much greater disturbance produced
by wind and ditlerences of barometric pressure ; but no open liquid level short

of the vngens cpqitor, the ocean, will probably be found so well adapted as it

for measuring the absolute value of the disturbance produced on terrestrial

gravity by the lunar and solar tide-generating motive. But observations of the

diurnal and semidiurnal tides in the ocean do not (as they would on smaller

and quicker levels) suffice for this purpose, because their amounts difter enor-

mously from the equilibrium-values on account of the smallness of their periods

in comparison with the periods of any of the grave enough modes of fi-ee

vibration of the ocean as a whole. On the other hand, the lunar fort-

nightly declinational and the lunar monthly elliptic and the solar semiannual

and annual elliptic tides have their periods so long that their amounts
must certainly be very approximately equal to the equilibrium-values. But there

are large annual and semiannual changes of sea-level, probably both diflerential

(on account of wind and differences of barometric pressm-e and differences of

temperature of the water) and absolute, depending on rainfall and the melting

away of snow and return evaporation, which altogether swamp the small semi-

annual and .inuual tides due to the sun's attraction. Happily, however, for our

object there is no meteorological or other disturbing cause which produces periodic

changes of sea-level in either the fortnightly declinational or the monthly elliptic

period ; and the lunar gravitational tides in these periods are therefore to be care-

fully investigated in order that we may obtain the answer to the interesting ques-

tion, how much does the earth as an elastic spheroid yield to the tide-generating

influence of sun or moon.' Hitherto in the British-Association Committee's

reductions of Tidal Observations we have not succeeded in obtaining any trust-

worthy indications of either of these tides. The St.-George's pier landing-stage

pontoon, unhappily chosen for the Liverpool tide-gauge, cannot be trusted for such

a delicate investigation : the available funds for calculation were expended before

the long-period tides for Ililbre Island could be attacked, and three years of Ivur-

rachee gave our only approach to a result. Comparisons of this with an indication

of a result of calculations on West Hartlepool tides, conducted with the assist-

ance of a grant from the Royal Society, seem to show possibly no sensible yield-

ing, or perliaps more probably some degree of yielding, of the earth's figm-e. The
absence from all the results of any indication of a 186 jearly tide (according to

the same law as the other long-period tides) is not easily explained without

assuming or admitting a considerable degree of yielding.

Closely connected with the question of the earth's rigidity, and of as great scien-

tific interest and of even gi-eater practical moment, is the question, llow nearly

accurate is the earth as a timekeeper ? and another of, at all e\ents, equal scientific

interest. How about the permanence of the earth's axis of rotation ?

Peters and Maxwell, about 35 and 25 years ago, separately raised the question,

How much does the eai-th's axis of rotation debate from being a principal .axis of

inertia ? and pointed out that an answer to this question is to be obtained by
looking for a variation in latitude of any or everv place on the earth's surface in u

1870. 2
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period of 306 days. The model before you illustrates the travelling round of the
instantaneous axis relatively to the earth in an approximately circular cone whose
axis is the principal axis of inertia, and relatively to space in a couo round a fixed

axis. In the model the former of these cones, fixed relatively to the earth, rolls

internally on the latter, supposed to be fixed in space. Peters gave a minute investiga-

tion of observations at Pulkovain the years 1841-42, which seem to indicate at that
time a deviation amounting to about -^y of the axis of rotation from the principal

axis. Maxwell, from Greenwich observations of the years 1851-54, found seeming
indications of a very slight deviation, something less than half a second, but differ-

ing altogether in phase from that which the deviation indicated by Peters, if real

and permanent, would have produced at Maxwell's later time. On my begging
Professor Newcomb to take up the subject, he Mndly did so at once, and undertook
to analyze a series of observations suitable for the purpose which had been made in

the United-States Naval Observatory, '\^'ashingtoll. A few weelcs later I received

from him a letter refeiTing me to a paper by l)r. Nysen, of Pulkova Observatory,
in which a similar negative conclusion as to constancy of magnitude or direction

in the deviation sought for is arrived at from several series of the Pulkova obser-
vations between the years 1842 and 1872, and containing the_following statement
of his conclusions :

—
" The investigation of the ten-month period of latitude from the Washington

prime vertical observations from 18G2 to 1867 is completed, indicating a coeflicient

too small to be measured with certainty. The declinations with this instrument
are subject to an annual period which made it necessary to discuss those of each
month separately. As the series extended through a full five years, each month
thus fell on five nearly equidistant points of the period. If :v and i/ represent the
coordinates of the axis of instantaneous rotation on June 30, 1864, then the obser-
vations of the separate months give the following values of x and i/:—

X. Weight. 1/. Weight.

January —OSS 10 -}-0-32

February -0-03 14 4-0-09

March -I-0-17 10 -j-OlO
April +0-44 5 -fO-05
May +008 10 -f002
June -001 14 -0-01
July -005 14 0-00

August -0-24 14 -1-0-29

September +018 14 -i-0-21
October +013 14 -0-01
November +008 17 -0-20
December -008 16 -008

Mean 001-|-003 +0-05+003
((

' Accepting these results as real, they would indicate a radius of rotation of the
instantaneous axis amounting, at the earth's .surface, to 5 feet and a longitude of
the point in which this axis intersects the earth's surface near the North Pole, such
that on July 11, 18G4, it was ISO^ fi-om Washington, or 103° east of Greenwich.
The excess of the coefficient over its probable error is so slight that this result
cannot be accepted as any thing more than a consequence of the unavoidable
errors of observation."

From the discordant character of these results we must not, however, infer that
the deviations indicated by Peters, Maxwell, and Newcomb are unreal. On the
contrary, any that fall within the limits of probable error of the observations ought
properly to be regarded as real. There is, in fact, a vera causa in the temporary
changes of sea-level_ due to meteorological causes, chiefly Aviuds, and to meltings of
ice in the polar regions and retm-n evaporations, whicli seems amply sufficient to
account for irregular deviations of from i" to J^" of the earth's instantaneous axis
from the axis of maximum inertia, or, as I ought rather to say, of the axis of
maximum inertia from the instantaneous axis.

As for geological upheavals and subsidences, if on a very large scale of area,
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they must produce, on tlie period and axis of the earth's rotation, eHeets compai-able

with those produced bv chanffes of sea-level equal to them in vertical amount.

For simplicity, calculating as if the earth were of equal density throughout, I find

that an upheaval of all the earth's surface in north latitude and east longitude and

south ktitudo and west longitude with equal depression in the other two quarters,

amounting at greatest to ten centimetres, and graduating regularly from the points

of maximum elevation to the points of maximum depression in themiddles of the

four quarters, would shift the earth's axis of maximum moment of inertia through

] " on the north side towards the meridian of 90° W. longitude, and on the south

side towards the meridian of 90° E. longitude. If such a change were to take

])lace suddeulv, the earth's instantaneous axis would experience a sudden shifting of

but -r^g" (which we nnxy neglect), and then, relatively to the earth, would com-

mence travelling, in a period of 30(3 days, round the fresh axis of maximum moment
of inertia. The sea would be set into vibration, one ocean up and aiiother down
through a few centimetres, like water in a bath set aswing. The period of these

Adbratlons would be from 12 to 2-4 hours, or at most a day or two ; their subsidence

would probably be so rapid that after at most a few months they would become

insensible. Then a regular 306-days period tide of 11 centimetres from lowest

to highest woidd be to be observed, with gradually dimiuishiug amount from

century to centurv, as through the dissipation of energy produced by this tide

tlie instantaneous" axis of the earth is gradually brought into coincidence with

the fresh axis of maximum moment of inertia.
" If we multiply these figures by

3600, we find what would be the result of a similar sudden upheaval and sub-

.sidence of the earth to the extent of 360 metres above and below previous levels.

It is not impossible that in the very early ages of geological history such an

action as this, and the consequent 400-metres tide producing a succession of deluges

every 306 days for many years, may have taken place ; but it seems more pro-

bable that even in the most ancient" times of geological history the great world-

wide changes, such as the upheavals of the continents and subsidences of the oceau-

l)eds from'the general level of their supposed molten origin, took place gradually

through the thermodynainic melting of solids and the squeezing out of liquid

lava from the interior, to which I have ah'eady referred. A slow distortion of

the earth as a whole would never produce any great angular separation between

the instantaneous axis and axis of maximum moment of inertia for the time being.

Considering, then, the great facts of the Himalayas and Andes, and Africa and the

depths of the Atlantic, and America and the depths of the Pacific, and Austi-ali.a,

and considering further the ellipticity of the equatorial section of the sea-level esti-

mated by Capt. Clarke at about ^V" of the mean ellipticity of meridional sections

of the sea-level, we need no brush from the comet's tail (a Avholly cliimerical cause

which can never have been put forward seriously except in ignorance of elementary

dynamical principles) to account for a change in the earth's axis ;
we need no violent

convulsion producing a sudden distortion on a great scale, with change of the axis

of maximum moment of inertia followed by gigantic deluges : and we may not

merely admit, but assert as highly probable, that the axis of maximum inertia and

axis of rotation, always very near one another, may have been in ancient times

very far from their present geographical position, and may have gradually shifted

through 10, 20, 30, 40, or more degrees without at any time any perceptible sudden

disturbance of either laud or water.

Lastlv, as to variations in the earth's rotational period. You all no doubt know
how, in" 1853, Adams discovered a correction to be needed in the theoretical calcu-

lation with which Laplace followed up his brilliant discovery of the dynamical

explanation of an apjiarent acceleration of the moon's mean motion shown by
records of ancient eclipses, and how he found that when his correction was

applied the dynamical theory of the moon's motion accounted for only about half

of the observed apparent acceleration, and how Delaimay in 1866 verified Adams's

result and suggested that the explanation may be a retardation of the earth's rota-

tion bv tidal friction. The conclusion is that, since the 10th of March, 721 n.c, a

day on which an eclipse of the moon was seen in Babylon, commencing " when one

hour after her rising was fully passed," the earth has lost rather more than
j;;];j^j;;oo(j

2*
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of lier rotational velocity, or, as a timekeeper, is going slower by 11^ seconds per
annum now than tlien. According to this rate of retardation, if uniform, tlie

earth at the end of a century would, as a timekeeper, he found 22 seconds behind
a_ perfect clock, rated and set to agree with her at the beginning of the century.
Newcomb's subsequent investigations in the lunar theory have on the whole tended
to confirm this result ; but they have also brought to light some remarkable ap-
parent irregularities in the moon's motion, wliich, if real, refuse to be accounted
for by the gTavitational theory without the influence of some unseen body or bodies
passing near enough to the moon to influence her mean motion. This hypothesis
Newcomb considers not so probable as that the apparent irregidarities of the moon
are not real, ajid are to be accounted for by irregularities in the earth's rotational
\elocity. If this is the true explanation, it seems that the earth was going slow
from 1850 to 1862, so much as to have got behind by seven seconds in these twelve
years, and then to have begun going fester again so as to gain eight seconds from
1802 to 1872. So great an irregularity as this woxdd require somewhat greater
changes of sea-level, but not many times greater than the British Association
Committee's reductions of tidal observations for several places in dift'erent parts of
the world allow us to admit to have possibly talcen place. The assumption of a
fluid interior, wliich Newcomb suggests, and the flow of a large mass of the fluid

''from equatorial regions to a position nearer tlie axis," is not, from what I liave

said to j'ou, admissible as a probable explanation of tlie remarkable acceleration of
rotational velocity which seems to have taken place about 1862 ; but happily it is

not necessary. A settlement of 14 centimetres in the equatorial regions, with cor-

responding rise of 28 centimetres at the poles (which is so slight as to be absolutely
imdiscoverable in astronomical observatories, and which woidd involve no change
of sea-level absolutely disproved by reductions of tidal observations hitherto made),
vrould sufiice. Such settlements must occur from time to time ; and a settlement
of the amount suggested might residt from the diminution of centrifugal force due
to LOO or 200 centuries' tidal retardation of the earth's rotational speed.

Mathematics.

/S'((!' les Mouvements apcriodiquea des Si/stemes de Points Mutarieh.

By IT. Yalestino Ceeeuti.

A .short communication referring to a system of points subject to their mutual
action and to that of fixed exterior points.

Sur les Si/siemes de Sjyhh-es ct les St/stemes de Droites,

Bij Professor Luioi Cre!\io>'A.

C'utte communication avait pour objet d'exposer une methode pour transformer

les conc/rimtces (systemes donblement infiniaj de droites, conteuues dans uii com-
plexe lin(5aire donne, de nianiere qua chaque droite de la congruence corresponde

un point d'une surface, et vice-versa. La methode resulte de la combinaisou
des transformations de I'espace a trois dimensions, exposi?es par I'auteur dans
les ' Annali di Matematica' (serie 2'", tome 5*), avec la transformation, donnt'e par
-MM. Noetlier et Lie, d'un complexe lini5aire en I'espace ordinaire (point-espace).

Suivant cette transformation, les plans de I'e.space correspondent aux congruences
lineaires du complexe donne qui contiennent une droite fixe ; et aux autres congru-
ences liut'aires du meme complexe correspondent les spheres de I'espace ordinaire.

La methode expos(5e dans la communication donne toutes les transformations d'un

complexe linijaire en I'espace ordinaire, telles qu'aux congruences lineaires con-

tenant une droite flxe correspondent des surfaces d'un ordre donne. En particulier,

on obtient toutes les congruences (non-lineaires, ccmtenues dans le complexe donne)
qui sont susceptibles d'etre representees sur uu plan, de maniere que chaque droite

de la congruence ait pour image un point determine du plan et que, \ ice-versa,
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chaque point dii jilan coiTesponde a uiie droite unique de la coupruouoe. iSi Ton
tninslbrme le plau par les polaires reciproques de Poucelet, les images des droites

de la cougi'ueiicc seront les droites du plan repr^sentatif.

0)1 Graplilcal Interpolation and Integration.

By George H. Daeavix, M.A., Fellow of Trin. Coll., Cambridge.

Suppose a number of points A, B, C, &e. are given on equidistant ordiuates of a

cur^'e, and that it is desired to draw a curve tlircugh them. This ma}^ be best

done by interpolating intermediate points. I^et a, b, c, &c. bj ordinates halfway
between A and B, B and C, &c. Join AB, BC, &c. along the whole curve, and let

the ordinates a, b, c, &c. intersect AB, BC, CD, &c. in/, (/, h, &e. Join AC, BD,
CE, &c., and so on along the whole curve, and lot the ordinates B, C, D, &c. inter-

sect AC, BD, CE, &c. in F, G, II, &c. Then the rule for interpolating on the

ordinates a, b, c, &c. is:—produce afto I, and make// = \ BF ;
produce bg to m,

and make gin = 5 CG, and so on. In carrying this out practically, several of the

above lines need not actually be drawn.
This rule may be proved from the properties of the circle of curvature, which

passes through three consecutive points, such as A, B, C. It gives results correct

as far as second differences. A slightly different result will be obtained by working
along the curve in the opposite direction : to obtain a better result work both ways
along the curve, and choose the points which lie halfway between the discrepant

readings. The residt so given is correct as far as third diffei'ences.

In determining the approximate value of a definite integral it is often convenient

to find a geometrical construction for giving a line proportional to the function to

be integrated, and then to determine half a dozen values of the function. But the

question then arises as to how these terms are to be combined, so as to give the

required integral—whether by the rules given by the calculus of finite differences,

or by the simpler rule of taking the mean of the extremes and adding it together

with all the rest, and multiplying by the common difference. Each ordinate or

term is affected by an error, and it may be that the theoreticaUy best rule may give

a higher probable error to the result than the more imperfect rule. If, for example,

we have seven ordinates, each subject to a probable error c, Weddle's rule (see

Boole's Calc. Fin. Diff.) would give a result subject to a probable error 2-846 he,

whilst the worse rule only gives a probable error 2-.34o he, where h is the common
difference. It must therefore remain indeterminate whether more is gained by a

diminished probable error or by a better rule of quadratures. The question could

only be determined by some knowledge of the amount of probable en'or of each

ordinate, and of the abruptness of the curvature of tlio curve*.

On certain Determinants. Bg J. W. L. Glaishef, 3J.A., F.R.8.

The author gave the folloAviug results :

—

I. If P„ denote the number of partitions of n into the elements 1, 3, 8, 4,

repetitions not excluded, then

P = +1,
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+ 1, + 1, 0, 0, - 1, 0, ~ 1, 0, 0, 0, 0, 4- 1, 0, 0, + 1, 0, 0, 0, 0, 0, 0, - 1, 0, 0, 0,

- 1, 0, 0, 0, 0, 0, 0, 0, 0, + 1, . . .

.

viz. between two unities of the same sign the numhers of zeros follow the law

0, 1, 2, 3, 4 .... , while the numbers of zeros between two unities of opposite sign

follow the law 2, 4, 6, 8 .... ; the second column is the same as the first column,

but lowered one line, and witli — 1 as the top constituent ; the third column is the

same as the second line, but lowered one line, and with zero as the top constituent

;

the fourth column is the same as the third column, but lowered one line, and with

zero as the top constituent ; and so on.

For example :

—

+ 1,-1, •

+1, +1, -1
• . +1, +1

=3

which is right, since 3= 1+1+1=1+ 2.

II. If i/'(h) be the sum of the divisors of m, then

+1,
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On a Series Summation leadinr/ to an Expression for the Tlicta I< unction as a

Definite Integral. By J. W. L. Glaishee, M.A., F.B.S.

By means of the formula giving the resolution of l+x" into its linear factors,

and of the equation

sin (a-x) sin (a+x) ^ f ,_^ 1 f n ___?!_ 1 J i ^_ \
sin'a 1 «•-'

J 1 (a-Tvy J \ {a+n)' J

it can be shown that

^+^'1 ii+(;^35)^'J {^"^(VH^^P^j r+c^^^Wj I
{^2hyny

= 2~"
(cosec y

)
'"

P, P3 Pj . . . . P„_i if n be even

,

and =2~'Yco8ec y)'" (cosh — -cos^jPj P3 P, . . . . P„-2 if«be uneven,

1%= ^ cosh I— sin— 1— cos— a— a- cos— 1
J.

1 \ b 2n} b\ 2nl J

X ^ cosh ( sin-—\- cos-- «+^cos—- I;

\ \ b 2n) b\ 2nl
J

and cosh .r, sinh x are written as usual for the hyperbolic cosine and sine of ,r, viz.

cosh x=h((f-\-e~''), sinh z= h{e''— e"').

where

Taking the logarithm and differentiating, we have

1 1
. =..-if 1

1

^.=''_l_(a_6)--^'''^ x''"'+(a+6f' a-'"+(«-26,)^

.r 4-(«+26) J

and =""r

"

o

. , 27r,rsmh—j-

, 27r,r iJ:rr«

cosh —

;

cos -=-

6 b

;j—, +Q1+ Q3 • • • • +Qu-2 > if « be uneven

;

where

Q,r =
cosh (-J^sin^^J -cos -^(«-.r cosg;^)

. rjT . , I2itX . 7-tt\ rtr . 27r/ j-ttn

cosh (_8m2^)-cos-y(«+xco8
2^j

Using the integral,

o r*.r"-'sin(cV),
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^.-cV'4.^-(,"0,-6)"^-,,--6"(u+*)"+^>-c%-26)"-J-g-c"Ca+2J)"-|.^^C,

=
f I { Q 1+ Q,+ Q5 • • . . + Qh-1 } 3m(c\")dx, if ,1 Ije even,

smli -^—

cosli-T^ cos ,

b

2^«+Qi+Q.-... + Q.-.. - sin(c x")(h, if » Ijc

imeveii.

The exponeuis on the left-liand side are always to be unmerically negative, viz.

they should be written - V{t-"«-"}, V \c""{(t—h)-"\, &c. The quaiitity c is redun-
daut, and may be put equal to uuity without loss of generality.

Putting n=2 and c = l, we tind that

^^•here

Now

+'^">
-T-' f {/ (" T) +/ (f. -?) }- «'"'.

/•(-„ V ^ginb ;V3+8in 0;V2+2g)
-^ "^'^ '^ cosh^V2-cos(^V'2+2j)*

f-.^-^ + fi-(.<-„)' + e-C..+«)^ -f &c.= ^ I 1 +2e" "'cos ?^*

llf A 1

+2e «-^cos^'' + &c. ;

a
J

whence, the notation being that of the aumdamenta NoAa,' it can be shown that

^(?) =V\/(l) • r{f(^' ^ + -» +/ (^, - ..-i.) } sin^..,

ud therefore

w-hert

e(.r)=\/(|).
[ j/ («<,«)+/ (.^,-.)} sin fdt,

Also it can be shown that

where

e('^-)

=^(|) .

J { ,^(«;, u)+<i>{uf, - u)
I
cos m,

<h(p, „)_ -^i"h/>V2-sin (;)V2+29)
coshpV'2— cos 0V2+2y)"

On Parallel Motion. By "W. Hatden.
lu this paper the author noticed several cases of approximate three-bar paraUel

motion, founded upon certain numerical coincidences.
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Oil Plane C'uhics of the Third CJuss iv'dh a Double and a B'i:i<jh Focm.

Bij IIe^-hy M. Jeffery, M.A.

1. The classification of class-ciibics is simpler than of plane orcler-cubics, because

there are three real foci in each of the former, -whereas two of the asymptotes of

order-cubics may be imaginary.

The three groups, arranged by the coincidence of the foci, have been stated m
the Transactions for 1875, and the third group of spherical curves there sketched.

This group (K}f= q) has been also fully considered in the 'Quarterly Journal
_
of

Matheinatics' for 187G, both for plane and spherical class-cubics, -witli illustrative

dia'J'rams. These two memou-s contai»-a complete classification of circular cubics

by interpreting Boothian as Cartesian coordinates.

"2. In the classification of the second group {Kp-q=r) the two foci will be con-

sidered fixed, -while the satellite-point varies. There is a certain quartic curve, the

locus of tlie satellite-point, when there is a point of inflexion in the curve; if the

satellite-point is within this curve, there -will be three critic linos ov bitangents ; if

it be on the curve, there will be one bitan<j-eut and two otlicrs coinciding in a sta-

tionary tangent ; if it fall beyond the bounding cuiTe, only one bitaugent is possible.

The critic lines or bitangents are the common tangents of three parabola, whoso

foci are severally the satellite-point and the two foci of the cubic. When these

parabolre are drawn, the bitangents are obtained graphically.

The several cases of cubics o'f this group -will be next considered, according to the

position of the satellite with reference to the bounding curve -while all three points

are finite ; and subscc^uently, when the satellite-point and tlie.foci are, one or more,

at infinity ; also when the three points are collinear.

3. The gi'oup may be thus represented :

—

K2yq-{-4-A'r= Q,

where 'i£^-=a})V+bqQ,+cr'R; p, q, r are the current line coordinates, and F=(ip—
hq cos C-c;- cos B : Q, R have like values for points at infinity, as the quadrantal

poles of the sides of ABC.
There are usually three critic lines, whose eq^uation.s are obtained by partial

differentiation :

—

apV= A^\l) : bqQ=2A-{2) : crPt=-2A-(3).

Since the condition p= q = r satisfies all these equations, the critic lines must

touch three parabolse, whose foci are the vertices and whose axes are the perpen-

diculars drawn on the sides of the triangle of reference, and, httera recta, arc four

times, twice, and six times its corresponding altitudes.

There are three of these critic lines, one of which is always real.

4. The Cartesian equation to the bounding ciu've (§ 2), or locus of the satellite-

point, when there are stationary points in this group of class-cubics, is

273/''-!-9i/'(2+4a;-f5.r')-fy^(l-l-a;)-(-l-10.r+9a;-)-.i--(l-f9a')(l+.r)^'= 0,

or

{27z/'+I8/(x'-Hl)-(9.c-M)(.r+l)'}(y-+'") = 0-

The double focus is the origin, and the focal distance on the x axis is taken as

unity ; a pair of asymptotes is inclined to the diameter at angles +30°.

The envelop of the stationary tangent is a hyperbola, and of the single (one-

-vvith-twofold) bitangent is a cubic of division V., whose double focus is at in-

finity.

5. Classification of the figures of class-cubics with double foci*.

I. When the satellite-point lies beyond the bounding quartic, there is one bitan-

gent only.

The triangle of reference formed by the foci and the satellite-point is taken to be

equilateral.

* The diagrams illustrating the critical and the companion-ciu-Tes, according to these

nine capital divisions, -were exhibited at the Glasgow Meeting, and ore ready for piibli-

ciition.
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Let the cubic be tbus denoted :

—

The critical Talue (k=5-145S) determines the bitangeutial cubic. The cubic is

bipartite or unipartite, according as /ci^<;5"1458 ; equiharmonicif k= 1"()7 or —"17;
harmonic if k= — -lo.

There may be two real asymptotes, since there is one bitangent in this division.

II. When the satellite-point is on the bounding sextic.

In this case there are two critical values of the parameter, corresponding to the
bitangential and inflexional cubics, viz. 11-09 and -08. The curve is bipartite if

/c>ll-09.

III. AMien the satellite is inside the quartic, and is (1) not collinear, and (2) is

collinear with the foci.

(1) There are three bitangents when /c= 47, 'O?, 'OG. For higher values of k,

the curve is bipartite ; between 47 and '07, unipartite ; then bipartite and below
the bitangential curve unipartite.

There may be four asjauptotes.

(2) Let the cubic be thus denoted :

—

There are two bitangents with real and imaginary contact, as is thus shown :

—

4+A(27e=-18Jc-62)+4X^i^c=0.

For the inflexional genus, the discriminant gives the condition

This may be resolved into two factors :

—

(h-c) (b-dcf.

The first factor resolves the cubic into a point and a circle ; tlie second factor indir
cates the cissoid

:

(3+hiy+u\9+bi),j'=o.

The satellite-point in this case is the ap.?e in the quartic bounding curve.

IV. If the satellite-point be at infinity (1) not collinear, (2) collinear, with the
two foci.

(1) There are two bitangential or a single inflexional, or no bitangential form,
according as the satellite lies within, upon, or beyond the quartic curve. One
asymptote connects the double focus with the satellite ; the other three concur in

the point (^ = |); the polar conic of the line at infinity degenerates into these
points.

(2) There may be two asymptotes, which unite in a bitangent, for a special value
of the parameter.

V. If the double focus is at infinity, (1) not collinear, (2) collinear with tlie

single focus and satellite-point.

The cubic has in all cases a bitangent ; find for a particular value of the para-
meter two bitangents coincide in a stationary tangent at a point of inflexion. The
inflexional cubic in (2) is the semicubical parabola.

YI. If the single focus is at infinity (I) not collinear, (2) collinear with the
double focus and satellite.

There are two bitangential forms, but no inflexional case. The recijirocals in (2)
are Newton's defective hyperbola;, with diameters and double foci.

\T.I. If the single focus and satellite-point are both at infinity.

The curve is central and parabolic, with a cusp at infinity, but cannot have a
bitangent. Its single asymptote connects the double focus with the satellite. All
cubics are equiharmonic of the form

It is thus denoted in Boothian coordinates :

—

The reciprocal is Newton's central species (?>8)

.
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VIII. If the double focus and satellite-poiut arc both at iufinity.

There is au iuflt-xional forui iu all cases, as appears from the equation lo the

svstem :

—

The reciprocal is a cusped cubic.

IX. If the double and single focus are both <at infinity.

Tlie lino at infinity is an acii-bi tangent in all cases, as is shown by the ec[uation

to the system :

—

G. To find the asymptotes of this group of class-cubics.

Since the polar-point of au asymptote (p, q, r) lies on it, and also is at an infinite

distance, the coordinates of an asymptote must satisfy two equations :

—

(^= X/(?+4AV=0, (1)

and that to the polar conic of the line at infinity

one of whose foci, as we should anticipate, is the double focus.

The four asymptotes touch a conic, whose foci are p=0, 2q-\-p= 0. Hence also

r{2q+p)=pq (3)

The elimination of r from (2) and (.3) is a quartic equation. Hence there cannot

be more than four asyniptotes. Its discriminant is a factor of the discriminant of

the ternary cubic (1). Two imaginary asymptotes always connect the double focus

with tlie circular points at infinity.

If the satellite (which is always on the curve) be at infinity, its connector with

the double focus is au asjnnptote. The extremities of two asymptotes may coincide

in a bitaugent.

7. The centre or polar point of the line at infinity is on AB, the connector of the

foci, at the distance ^ AB from A, the double focus. AC touches the cubic in C
;

BC touches it where it meets the line {^—Ky=0).

On Spherical Class-cubies iv'ith Double Foci and Double Cyclic Arcs.

By Henet M. Jeffery, M.A.

1. This group may be denoted by line coordinates, as in platw :
—

^p'q+(G\yr=0,
where

(GYy-=2(aY—2bcqr cos A),

and the coordinates p, q, r denote the sines of the perpendiculars from the vertices

ABC on a tangent arc ; and generally the symbols may denote the sines of arcs.

There are four critic values of the parameter and fom- bitaugential values. By
partial differentiation, for a critic value,

2Kpq+2raV= : Kp'+2rbq=0 : (Q\)-+2rcU=0,

where F= ap—bq cos G-cr cos B ; and similar expressions denote Q, R ;
the line-

coordinates of a tangent are referred to the polar triangle as one of reference.

These conditions for a bitangent may be thus written :—

apV=(6\y : 26jQ= (6V)= : 2c/-R= -(6V)^

These equations denote three spherical ellipses, whose foci are in the several cases

the points of reference A, B, C, and the corresponding points of reference of the

polar triangle of ABC.



20 REPORT—1876.

2. There is a sextic bounding curve, the locus of the satellite-point, when there

is a point of inflexion ; this curve is bipartite with an oval. If the satellite is

within the oval, four critical values of the parameter yield bitangential forms of the

cubic ; if the satellite is on the oval, one inflexional and two bitangential cubics
;

if the satellite is outside the oval, two bitangential cubics. Its equation, in Giider-

inaun's coordinates, is

{(^ib^-+3)f-+ib+aXb+3x)Y=27(P+lXx-+f){(.v+by-+f-y-.

If the two foci are a quadrant apart; 6= oo , and the bounding sextic becomes

3. All cubics with double foci have double cyclic arcs.

Let the liue-equatiou to these cubics be written

3Ka^2}^q+Scr2(aY- 2bcrq cos A) = 0.

Its equivalent point^equation maj' be thus arranged :

—

(/32+ 2/3y cos A+ y2) { _ 12j3y'k^ ^_ 3^^2(8^32,/-_ a--f + 27«=|3=+ 18a=/3y COSA
—20a^y=COsC+36a/3-y cos B) +12k[—/S^ - n/3' COsB+a*COS A - a^y COS C
— 3ay3^y COS C+ (- COS B-|-2 COS A cos C)a-'/S + (cos A— 2 COS B cos C) a'^/3'

-(l+2cos-C)a=^y]}+I2(6Vr- (^^V {|3-yV+2/c(-^^y-4a/3^ cos B

+4a^/3= cos A +3a2/3y -[-2a/3'V cos C)+ (a' -l-2ai3 cos C -l-/?=)2 [ .

But, if V denote the volume of the tetrahedron constituted by the centre of the

sphere and the angiilar points of the triangle of reference,

(GV)== 2(aV+ 26c/3y cos a)

= («a+t/3 cosc+cy cos6)--i-6V(/3-+2/3y cos A+y-).

Hence if ;;=0 be a double focus, its quadrantal polar («a+&/3co3c— cy cos& = 0) is

a double cyclic arc. (See § 7.)

The proposition seems to be susceptible of simple proof and of generalization.

4. If a spherical curve have a multiple cyclic arc, it has at least a double focus.

Let the triangle of reference be trirectangular (which assumption does not aft'ect

the generality of the proof), and let the quartic exhibit AB as a multiple cyclic

arc :

—

<^rz"+(a^"-±»/=+r^-)Xm=0.

The terms may be thus grouped :

—

In this form the imaginary lines (a;+yi'= 0) are seen to meet AB in two coincident

points I, J ; the tangents at these points are these arcs CI, CJ : their point of con-

ciu-rence is therefore a double focus. Tliis proof seems applicable only to tlie case

where the focus is the quadi-autal pole of the cyclic arc, the points I, J being in

this case the shadows of the circular points at infinity.

The argument may be also thus stated. The two lines

(a; ±yi=0)

are common tangents to the curve, and to the imaginary sphere {x^+y--\-z-= 0) at

their point of contact of a high order; their intersection is consequently a quadruple,

or, if real values alone are considered, a double focus, and might be a multiple focus

of a higher order.

5. On equiharmonic or neutral cubics with double foci. The cu.sps are collinear,

and in this case S, an invariant of the cubic equation, =0.

(4 cos=A—3)k=+2(cos A+3cosB cos C+ 2cos A cos^Ojfc+ sin^ C = 0.

There are two possible or coincident or impossible cases, according to the value of

the parameter.
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The two values coincide if

sin' C(4 cos-'A—3)= (cos A+3 cos B cos C+2 cosA cos= C)=,

or

(cotB+3co8«cotC) (cotB+cos rr cot 0)4-3 sill- rt = 0,

t]ie biaugiilar equation to a conic.

That is, the locus of the double focus when the cusps are coUinear, or the boimd-
ini? curve, on either side of which equihai-monic values are or are not possible, is a

splierical ellipse, whose cyclic arcs, veal or imaginary, are perpendicular to the line

connecting the single focus and satellite.

In piano the bounding line is tlius denoted :

—

cotB+3 cot = 0, or cosO = — jr^-.

The double focus is in a line, wliich cuts orthogonally the connector of the single

focus and the satellite.

6. On harmonic cubics with double foci.

The invariant T= 0.

cos A (9-8 cos= A)k3+ ;! {0-4 cos- A-9 cos= B-f 3 cos= -8 cos" A cos-

-12cosAcosBcosO}K--h3sin^C(cosA-|-3cosBcosC-f2cosAcos2C)K+sin''C=0-

For every position of the foci and satellite there is at least one value of the para-

meter which yields a harmonic cubic.

7. On the discriminant of the cubic.

Equate « to zero in the point-equation (§3); besides the point of contact

(/3— /cy= 0), three tangential points are determined by the aggregate :

—

Ky(/3--f 2/3y cos A+y-)— /3(/3- sin" B+2/37 sin B sin cos «+y- sin- 0).

Since the anharmonic ratio of the lines connecting the tangential points depends
T-

upon the function 64——, the discriminant of the ternary cubic is simply found

from this binary cubic :

—

{9k sin- B+ {2k cos A - sin- C) (/c—2 sin B sin cos a) }*

+4{ 3 sin- B(2k cos A- sin' C ) -f(k—2 sin B sin cos of}

X {3k(k-2 sin B sin cos a)- (2k cosA - siu^ 0)'} =0.

8. By dualising, this investigation is equally applicable to order-cubics v\irh

double cyclic arcs and double foci.

Resume of Researches on the Inverse Problems of Moments of Inertia and of
Moments of Resistance. Bij Professor Giuseppe Juxg (Milan).

Tn the study of the resistance of materials and the stability of constructions, the

two following problems continually present themselves :

—

I. To construct a plane iigure (for example, the cross-section of a cylinder loaded
in a given manner) of which we may suppose given the orientation, the form, the

centre of gravity, and also tlie moment of inertia with respect to a given neutral

axis.

II. To construct a plane section, given the orientation, the form, the centre of

gravity, and also the moment of resistance * with respect to a given neutral axis.

* If e is an element of a plane section F, and ;/ be the distance of the barycentre of e

fi'0)u an axis .r measured in the direction \ (\ being a straight line making any angle with
the axis x), then the moment of inertia of F with respect to .r in the direction \ is

— Si?y-= J, the i; extending over the contour of F.

If, besides, v is the distance (ineasurcc' parallel to X) of the barycentre O of F from the

tangent to F parallel to x and furthest removed from O, then the moment of resistance

of P with respect to a barycentric axis .r, in the direction X, is defined to be the ratio —
i. « ^.

In fact, if we multiply this ratio by a certain constant v,'c have the ordinary moment of

resistance of tl)e section F.
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These two problems liave recently engaged my attention.

It is well known that engineers resolve these questions by tentative methods
which sometimes require long calculations, and which besides are incapable of

performance when tlie section is quite irregular; and this is wliy it is necessary to

lixtj-pes (such as a Zores iron, T's, I's, &c.) which, being decomposHble into parts

whose moments of inertia or moments of resistance can be determined analytically,

are calculable.

By the simple and uniform graphical method which I have proposed, we can
treat in the same manner as the simple sections (triangles, rectangles, &c.) the most
complicated forms (such as a Zores iron or even figures with arbitrarj^ and irregular

contours, whose equations would not. admit of expression) ; so that, in order to

render possible the solution of these important problems, we need sacrifice nothing,

either from the economical or the aesthetic point of view.

I. Let F be the unknown figure that we wish to construct, J its moment of

inertia in a direction X with respect to a given baryceutric axis .f *, F' a figure

homothetical to F, its centre of gravity, and x' a sti-aight line parallel to .r and
passing through 0'.

Let, besides, k be the (unknown) radius of gyration of F, in the direction X with
respect to x, so that J= k-F ; and let J' and A' be analogous quantities to J and Jc,

relating to F'.

Finallj', let us suppose two orthogonal axes it, to drawn anywhere, on which we
have respectively the segments UA=WA = 1, A being the point of intersection of

u and 10.

Solution : (a) We find directly J' the moment of inertia of F', either by the inte-

grometer or graphical (e. </. by Cidmaun's) method.
(b) On the axis ti take two segments AB, AB' respectivelj' proportional to J and

J', and describe two semicircles on the diameters UB, UB' wliich intercept on the

axis of to the segments AC, AC respectively proportional to n/J and \/ J' ; and two
semicircles upon the diameters WC, WC which intercept upon tc the two segments
AD and AD' respectively proportional to 4/j and //J'.

(c) From 0' draw a straight line x' parallel to .(', and take upon x' and x the

segments O'X ', OX respectively equal or proportional to AD' and AD, so that X is

with respect to on the same side as X' with respect to 0'. Draw the straight

lines 0' and XX' meeting at the point S.

(d) Finally, transform the figure F' into the homothetical figure F, taking S as

centre of similitude ; that is to say, draw through S a series of lines cutting the

contour of F in the points M', and the coiTesponding points M of the required con-

toiu- F are formed Ijv constructing the intersections of the radii Si\l' with the straight

lines 051 parallel to O'M'.

This figure F is evidently the secticm required, that is to say, a figure which has

given the centre of gravity, the orientation, the form, and also the moment of inertia,

in the direction X, with respect to .r, equal to the given quantity J. In fact the

ratio of similitude of the two figures F and F' is =A^J : !y/J'-

Nofel, When J' has been found, we can calculate directly the number

/J

ve.)=.
and then we should take O'X' upon ,r' arbitrarily, and on OX we should take

OX=^i . O'X
'

; we should then continue the procedure as above.

N'ote 2. If the position of x and the magnitude of J are not given absolutely, i. e.

if the inverse proolem is to be resolved several times supposing ,r and J successively

variable, and if for the determination of J' (see («)) we emj^loy the graphical

method, it is convenient to use the central ellipse of F'.

On this point, and for more details, see three notes tliat I have published in

vol. ix. of the ' Eendiconti dell' Istituto Lombardo/ 1870, or my memoir, ">Sul

* We may restrict oursehes to consider the axes whicli pass tln-ough the centre of

gravity O ot'F, on account of the well-known relation between the moments of inertia

which" have reference to these axes, and those which have reference to any parallel axes.



TRANSACTIONS OF THE SECTIONS. 23

problema inverso dei momenti d'Inerzia " in vol. xxiv. of tlic ' Politecnico, Gior-

nale dell' lui^egnere arcliitetto civile ed industriale' (Milano, 1870), which contains

two lithographic tables, and, as an appendix, a comparison between the numerical

and the graphical calculation of a Zores iron.

II. Retaining the same notation as before, let II be the given moment of resist-

ance of F in the direction \ with respect to a given bar3'centric axis x, i. c. let

J k-
11= - =F . ?•, where r=— is the radius (or arm) of resistance of F with respect to

V V

X in the direction X.

Let R' and r' be analogous quantities to R and r for the figure F'.

Solution. Find directly R' {for example, by Culmann's graphical method);
determine, either graphically or by a niimerical calculation, the ratio

\/r' = '^'

draw through 0' a straight line x' parallel to x ; talce on x' any segment O'X' and

on X a segment OX= jx . O'X' so that X is with respect to O on the same side as

X' with respect to 0'; and draw the straight lines 00' and XX cutting one another

in S.

Then transform the figure F' into the liomothetical figure F, taking S as centre

of similitude (see above). This figvu-e F is evidently the required section ; that is

to say, a figure which has the given barycentre, orientation, and form, and also the

moment of resistance in the direction X with respect to the axis x = the given mo-
ment II.

For further details see the notes already cited in the ' Rendiconti dell' Istituto

Lombardo,' 1876, and also the memoir "Sul problema inverso dei momenti di re-

sistenza,' which will appear in the ' Politecnico, Giornale dell' Ingeguere ai'ch. civ.

ed industr. ' (Milano, 187(3).

Resume of Researches upon the Orapliical Representation of the Moments of
Resistance of Plane Figures. By Professor Giuseppe Jung (Milan).

Continuing the investigation upon the moments of resistance of a given plane

figure F, I have communicated to the Istituto Lombardo * some results which I

have obtained, and of which I here give a short account.

1. Retaining the same notation as in the last paper, I have given several gra-

phical methods for calculating the radii of resistance r in an arbitrary direction X
(and, consequently, the corresponding moments of inertia R= F.r) of the figure

F with regard to any barj'ceutric axis x, and I ha^e found several representative

curves, viz. in this sense that these curves have for radii vectores the radii of resis-

tance r. So that, having given an axis x and one of the representative cur\es

(which I show how to construct), we have the corresponding moment of resistance

by multiplying by the area F of the section a certain radius vector of the represen-

tative curve.

It is remarkable that when the direction X is conjugate to the direction of the

given axis x (i. e. that when the diameter of the central ellipse of F parallel to X is

conjugate to the diameter x), one of the representative curves is the central nucleus

(Centralkeru) t of the figure F, and we have the following theorem :^

* See 'Rendiconti dell' Istituto Lombardo,' ser. 2, t. ix. 1876, No. sv. "Rapprcseu-
tazioni grafiche dei momenti resistenti di una sezione piiina." _ Ko. xvi. " Coniplemento
alia nota precedente."

f Perhaps it wiU be usefid to recall here rapidly some notions which are, however, well

known (see, for example, my memoir " Sui momenti d'lucrzia " iu the ' Rendiconti dell'

Istituto Lombardo,' 1875).

In tlie plane of P to every straight line, considered as a neutral axis, corresponds a point

X which is tlie centre of the pressures (tt-nsious) oi" tlie centre of the second degree or the

point of application of the resultant of the normal forces acting on the section F. This
point X is also called the antipole of the straight line x; and the straight line .v is the
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The radius of resistance with respect to a harycentric axis, in the direction of the

conjugate diameter, is equal to the smaller of the tico radii vectorcs of the central

nucleus situated on the latter diameter.

We thus .see that the central nucleus stands in nearly the same relation to

the radii of resistance that the central ellipse does to the radii of gyration of the

figure F. In fact the diiference consists chiefly in this, that each of the radii

yectores of the ellipse situated on the diameter y is equal to the radius of gyration

of F with regard to the conjugate diameter .r; while in general one only (the

smaller) of the two radii ^ectores of the nucleus situated upon y is equal "to the

radius of resistance of F v/ith regard to the conjugate diameter ;r.

2. Suppose that F is a cross-section of a cylinder upon which are acting forces

situated in a plane passing through its axis, the intersection of this plane with the
plane of F is the axis of sollieitation of the section F, and the straight line which
passes through its barycentre and is conjugate to the axis of pollicitation is the
neutral barycentric axis. This being premised, I show that

The moment of resistance with resj}cct to a harycentric axis x, in the conjuyatc

direction y, is equal to the resistance specific * to the cohesion tcith respect to the

flexure relatively to the axis of sollieitation y.

From which follows a theorem giving the law of variation of the specific resist-

ance of F, when the axis of sollieitation turns round its centre of gravity, viz. :—
The central nucleus of a yiven section is the curve of resistances specific to the cohe-

sion with respect to the flexure. A radius of the nucleus (tlie smaller of the tivo

situated on the harycentric axis considered) multiplied hy the area F yii'cs the specific

resistance with respect to its direction, considered as axis of sollieitation.

?>. Taking still the barycentre of F as pole and for radii vectores segments pro-
portional to the maxima t specific resistances of the section with respect to the

ilexure and corresponding to each axis of sollieitation, I find the remarkable
theorem :

—

The curve of maxima resistances of F /* a transformation hy rcciproccd radii vectores

(the inverse X) of the central nvclcus of the section. A radius vector of this inverse

curve, midtiplied hy p, ffives the specific maximum resistance of F with resjiect to its

direction, considered as axis of sollieitation.

4. Two other theorems are connected with a note of M. Ritter, "Ueber cine neue
Festigkeitsformel " (seethe ' Civilingenieur,' 1876, Heft iii., iv.). The more im-
portant is that which gives a simple solution of the following question :—Given
the point of application of the resultant of the forces which act normally on the

section F and also the central nucleus, but not the central ellipse, of F, find the

neutral axis corresponding to this point.

If O is the centre of gravity of F, C the point of application (in the plane of F)

antipolar of the point X. If in any one given direction \, d is tlie distance of the centre

of gravity of F from the straight line x, and k is the radius of gyration of F with respect

to the barycentric asis parallel to .r, the distance, measured parallel to X, of the straight

line X from its antipole = rf+ -j- If a straight line y passes through X, its antipole y lies

Tipon x\ The point X, which is the antipole of the straight line x in this reciprocal system

(antipolar system), is also the pole, in Poucelet's sense, with respect to the central ellipse

of F, of the straight lino x' wliieh is symnietrical to x with resjicct to the point O (bary-

centre of F and centre of its eentrnl ellipse).

If a variable straight line envelops tlie contour of F williout cutting it, its antipole

X describes a closed curve which is the central nucleus (Centralkcrn) of the figure F (see

Cnlmann, 'Die graphi^che Statik,' 2nd edition, t. i. .3t''i" Abschnitt, Zurich, 1875).
* It is the moment of resistance of the section for whicli, the axis of sollieitation of tlie

forces being given, the unit of tension (or of pressure) is produced in the most distant

fibre of the neutral axis upon the unit of area of this fibre.

t That is, the nuixinmm unit tensions (or pressure) on the hypothesis that the moment
of the exterior forces which produces the flexure in the sections of tlie cylinder is =1.

X See, for example, Hirst, "luversione quadi-atica" (• Annali di Matematicn.' Eoraa.

1st series) ; Darbo.ix, ' Sur nne clnsse remarquable de coxu-bes et dc surfaces algt'briqnes,'

Pari^^. 1873.
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of the resultant of tlie forces -which act normally uponF, 0' the point in which 00
is met by the (unknown) neutral axis, A and B the points in which 00 meets the

contour of the central nucleus, A' and B' the points in which 00 meets respectively

tlie antipolars of A and B *, then this last theorem can be enunciated thus

:

The point C is conjugate to in the involution A.A.', BB'.

Oonsequently, if is given, we have C linearly, and we construct the neutral

axis by drawing through C a sti'aight line parallel to the conjugate direction of 00.

On a new Construction for the Central Nucleus of a Phne Section.

By Professor GirsEPPE Jung (Milan).

I have the honour to communicate to Section A a new and very easy method of

representing the radii of gyration of a given plane (figure F), which appears to be

more simple than the known methods of Poinsot, Reye, and Mohr.
From this representation I deduce a new construction for the central nucleus of

F, independent of that of the central ellipse of the figure. Tliis I regard as inter-

esting, because of the importance of the central nucleus in the study of the stability

of constructions, on account of its remarkable properties with regard to the moment
of resistance of the section i&c. (See Oulmann, ' Die graphischo Statik," and the

memoirs of which a ?VAK?He has just been given.)

1. Let be the centre of gravity of F ; AA and BB its principle axes of inertia,

(. c. the axes of the central ellipse E of F
; f and /' (upon AA) the two foci of E ;

the circle which has for diameter the major axis AA. Then the radiux of f/yra-

tion of F {in the normal direction), ivith respect to any harycentric axis x, is the seff-

mentM^l' of the perpendicular dratvn to x from one of the points ff included

between the axis x and the circle 0. In fact the circle is the locus of the feet of

the perpendiculars let fall from the foci//' upon the tangents to the ellipse E.

Thus the circle represents the radii of gyration of F (in the normal direction)

with respect to all the barycentric axes. If from M' we draw the straight line m
parallel to x, the segment NN' of any straight line X, included between x and m, is

equal to the radius of gyration with respect to x in the arbitrary direction X ; that

is to say, if we take the angle X,r=90— co, we have the radius of gyration, in the

MM'
direction X, =^i—=NN'. We can dispense with the perpendiculars. It is suffi-

cient to construct, besides the circle 0, the circle r on 0/as diameter : if a; meets

the circle r in the point M, and M/" be drawn cutting the circle in the point M',

the segment MM' will be the required radius of gyration.

2. Let G be a circle passing through 0, and of arbitrary radius f. If through the

points A we draw two parallels to BB, and through the points B t-.vo parallels to

AA, the diagonals of the rectangle so produced meet (i in two point.? a and n', and

the straight lines AA, BB meet the same circle in /3 and /3'. i^et \J be the point

of intersection of the chords a a and /3 /3'.

By means of this jyoint U xoe construct the harycentric axis y, conjugate to any given

barycentric axis x. It is only necessary to observe that if x cuts G in the point X,

and XU cuts G in the point Y, the straight line OU is the axis y required. This

is, in fact, merely the construction for the radius y conjugate to x in the involution

of the straight lines 0(A B. aa') ; but these latter are two pairs of conjugate dia-

meters of the central ellipse of F, whence &c.

li. Construction for the central nucleus. Draw any suitable number of straight

lines enveloping the contour of F without cutting it. Let I be one of these lines,

i. e. a tangent which does not cut elsewhere the contour of F (unless it be convex).

Draw through O the axis x parallel to /, and through / the perpendicular to /,

which meets /, x, and the circle in the points V, ]M, and INI' respectively. "With

centre M and radius INIM' describe a circle, intercepting on x the distance !MK'

* These antipolars are tangents to the contour of F and parallel to (be conjugate direc-

tion of OC ; and we know that the barycentre O is situated on each of the finite s?giuents

AA' and BB'.

t Wo might take O coincident with T ; then /3 coincides with /and /3' with O, and U
is the point of intersection of ««' and AA'.

1870. 3



26 REFORT—1876.

(=radiu3 of gyration, normal witli respect to a; ; see No. 1), and tlirougli K' draw
the perpendicular to K'V meeting MM' in the point K. Tlie straight line passing
through K and parallel to / cuts the axis y, conjugate to x (see the construction
for it ia No. 2), iu the point L, antipole oi I* ; consequently L is a point on the

central nuclexis.

Oentroids, and their Application to some Mechanical Problems.

By Professor A. B. W. Kennedy.

Elementary Demonstration of a Fundamental Principle of the Theory of
Functions. By Paul Mansion, Professor in the University of Ghent.

M. Thomae (' Abriss einer Theorie der complexen Functionen/ 2'° Aiiflage, Halle,

1873, pp. 11-13) first demonstrated rigorously the theorem that "a function ;/=¥x,
whose differential coefficient, both iu the positive and in the negative direction, is

zero for every value of .r, from Xg to X, is constant iu this iuterval." This important
proposition can be demonstrated in an elementary manner by the following method,
which seems capable also of other applications.

I. If the differential coefficient of a function ij= Fx in the positive direction is

the same as in the negative direction, this differential coefficient is equal, for a
F(r ) — F(v )

system of values {x, y), to the limit of the ratio ^'
'; ^^-^, x„ and x^ converging

towards the intermediate value x.

In fact, by hvpothesis,

Fx.,-Fx={x.,-x){y'+e;),

Fa?i—Fa;=(iri-a?)(y'+ei),

fi and fj being infinitely small. Consequently

F.r,-F.r,_ x,-x x^_-x
.

and, fj and tg being multiplied by proper fractions, since x is intermediate to Zy
and x^,

lim
Fx^-Vx. ,—^ -=u.

II. Let .To, a*j, . . . . x„_i, X be increasing values of x, to which correspond the
values y^, y^, . . . . y„-i, Y of the function 3/= Fa?.

We have

Y-yo^ ('yi-yo)4-(y^-y,) . . . . (Y-y„_i)
X-a-o (Xi-x,)+ (x^—Xi) .... (X-a;„_i)'

Y—v
It results from this equation that -^r—ff- has a value intermediate to the greatest

and least of the ratios
^'~'^'~\

unless they are all equal. Thus -.— Unless all the
Xi—yt-i

A?/
-^'s are equal in the interval (.r„, X), there is at least one of them greater than and

Y—V
one of them less than s?

—

—.X—
a^o

III. If the differential coefficients of a function y=Fx are the same in the positire
direction as in the negative direction, from x^ to X, then either all these diferential

* In fact if 0L=^ meets I iu L', and if k is the radius of gyration with respect to x iu

the conjugate direction y, we have, by construction, L'L=L'0+ir^ ; but the distance, in

the direction y, of the straight line I from its antipole lias exactly this value (see note to
my 'Besmni of Eesearches upon the Graphical Eepresentation ' &c.); therefore L is the
antipole of I.
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coefficients are equal^ or there is at least one of them greater than and om l^ss than

Subdivide the interval X— a;;, iuto ti part.? : the -^, corresponding to one of them,

.?•(—.r,_i, will be greater than
,^j
—^ (No. II.). Operate iu the same manner with

.r,—.ivi, and so on. We shall thus hare an indefinitely increasing series of —^'s,all

greater than ^~'^° (No. IT.), and having for limit the difierential coefficient y' of

Fx for a certain value of x (No. I.). There is, then, a differential coefficient y,

greater than ~^°. In the same way we can show that there is one smaller. We

must, however, except the case of^ constant, which aiises when y=ax+b.

rV. If the differential coefficient of a function, supposed the same in the positive

andtiegative directiotis, is equal to a constant a, from .r„ to X, the function is linear

and of theform ax-\-b.

Necessarily, x and .x\ being any two values included in the interval (^x^, X),

y-.Vi_
a,

1

')

whatever .r and x^ may be. For, were it otherwise, there would be between .v and

Xj a differential coefficient greater than a, and one smaller than a. Thus :—

y=ax+(y^—ax^).

Corollary.—li a=0, y= constant. Q.E.D.

On Convergerds. By Thomas Mttie, M.A., F.B.S.E.

In Lagrange's additions to Euler's Algebra (2nd Eng. ed. vol. ii. p. 279), he sets

himself the problem,—^//-ac^io?/ expressed by a great number offigures being given,

tofind all the fractions, in less terms, which ajjproach so near the truth that it is im-

possible to approach nearer without employing greater ones ; and for solution he gives

in effect the following rule -.—Transform the given fraction into a continued fraction

with unit numerators and positive integral paiiial denominators, and the so-called con-

fergents of this continued fraction ivill be the fractions required. In this he is in error,

the' fi-actions found being some of the fractions required, but not all. Thus, taking

IT as the given fractional form, he transforms it into

111
3+o 7+ 15+ 1+.

the so-called convergents of which are j, f, 'j^^, 'jy^, 5
and i^i I'^gai'd to them

he says :—" So that we may be assured that the fraction \ approaches nearer the

truth than any other fraction whose denominator is less than 7 ; also the fraction

y approaches nearer the tnith than any other fraction whose denominator is less

than 106 ; and so of others."

The statement here made in reference to j is easily seen to be incorrect by com-

paring the difference of \ fi-om tt with that of ", % or ^, the former being, of

course, -14159 . . . , and the three latter -10840 . . . ,
-05840 . . . , '02507 . . . ;

and

the incon-ectness extends to what is said of the other convergents. The ti-ue solu-

tion lies in the fact that not only is 3 \-\ one of the required fractions, but so also

a*
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are 3-f -, 3-1-^, 3+^, ^vliere the deiiomiuator we begin with is the first integer (jrente

f

than the half of 7 : similarly, that before we como to

^ + 7 + 15'

we hav*

^ + 7+ 8'

3 + ^
1

7 + 9'

^+7 + 1(5'

and so on. When an even partial denominator occurs, we take as the partial deno-

minator to begin with, either its half or the first integer greater than its half, accor-

ding as the partial denominator following is greater or less than that preceding, or,

these being equal, according as the next following is less or greater than the next

preceding, and so on.

Another improvement, though verbal, is important, viz. in regard to the term
convergent, the present definition of which seems arbitrary and unreasonable. With
great convenience it may be defined as follows :

—

A convergent of a fractional

number is a fraction ivhich is a closer approximation to the given mimher than any
otherfraction icith a smaller denominator; so that Lagrange's problem is simply to

find all the convergetits of angfraction.

On the Belation between two continued Fraction Expansions for Series.

By Thomas Muiu, M.A., FJi.S.E.

On the Use of Legenclre^s Scale for Calculating the First Elliptic Integral.

By Professor F. W. Npavman-.

Denoting the first elliptic integral by F(f, w), and taking x such that x:^k
=:F(c, a>) : F(c, ^n-) ; then, in Lagrange's scale, fi-om a we deduce successively aj^,

(Oj, ojj . . . . by a given law, with the aid of c,, c^, Cj . . . . previously determined from c.

Then .r is the limit to which co, 2"^(B[, '2'-ai,^, 2 -'0)3 .... converge. If c is mode-
rately small, the convergence is rapid. But if e^ is very near to 1, it may be ex-
pedient to reverse the direction of the new amplitudes and moduli, viz. to calculate

c backwards c', 0", c'", so as to make c'", c", c', c, c,, Co, . . . . a series continued by a
single law; and similarly from to calculate backwards co', w" , a'" Then a,
a", (o'" .... are proved to converge to a fixed limit co' and F(c, a>) : F(6, ^7r)=Nap
log tan {\ 7r-|-5 io') : i tt. The function Nap log tan (\ n+l w) involves but a single

element co, and was calculated by Legeudre. Gudermanu has since published a far

ampler table. In practice the limit a is quickly reached : often it sufiices to make
ca=co') at worst Q)'= a)". Tims for very large values of c^ Lagrange's scale prac-
tically suffices, presuming that we have at hand tables of F(c, ^tt) and F(h, Itt).

But Legendre, who discovered a new scale after completing his principal calcu-

lations, regarded his new scale as having much advantage in finding F(c, co) at

once rapidtv and accurately. In it .r is the limit of co, 3"iuj, 3'^a>.,, S-^a>.^ . . . ., and
the convergence, generally excellent in Ivagrauge's scale, is far more rapid in

Legendre's. In Lagrange's scale the relation of ojj to co is tan (a>^— io) = b tan to.

The relation in Legendre's scale is to the eye as simple, viz. tan f (mi
— <»)=A tan w;

but in the constant A, = /^(l— c" sin ^/3), the value of (i k detennined by the equa-
tion F(c, /3) :=fF(f , Itt). a practical difficulty arose in the very considerable trouble

needed to obtain A (or its logarithm) numerically when c was given. Legendre
showed how ^ was obtainable from c : tlie cubic equation arising can be solved by
a mere extraction uf the cube-root ; but there are also two quadratics involving two
extractio)is of the square-root, Then from /3 we have to calculate >^(l—c^ sin ^^)
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and find its logarithm before \vc eau proceed to deduce u, iioui a. ^iil these

operations have to be repeated to find u.^ from wi ; nay, we must first find c^ from c,

and that is still more arduous.

But when we assume p, =^7r„~-^, as argument, all is greatly simplified.

The relation of c, Cj, <?„, c^ .... in Lagrange's scale corresponds with p, 2p, 2^p, 2'p,

and in Legendre's scale Avith p, 3p, o'-'p, -Tp . . . . , which involve no trouble iu

calculating. No doubt we need tables (of single entry and easily compiled) to yield

c, b when p is given, and p when c is given. Presuming these, we may treat .f and
r(c, to) as functions of p and <a ; after which the difficulties of the constant multi-

plier A vanish, and Legendre's scale becomes practical to us.

Denote — log A, i. e. — log »/(l—c- sin -/3J, for the moment, by *(/>) (here the

common log is intended) ; then, among the numerous series which express fimctions

of the amplitude oj in terms of x and p, the author selects (with X for Napier's log)

,., , . ., ^ 1— cos2.r , 11— cos 6a; , 11— coslO.f
,

„

^ ^ ' sm 2p o sin 6p 5 sm lOp

where sin p is written for \{t»—e~''). By hypothesis, F(c,^)=|F(c, -in-); hence

when to=i3, x=\tt, and we get, writing cosec p for the reciprocal of sin p, J'^fpl

=M{cosec 2p+} cosec 10p+ icosecl4/)+^\ cosec 22/3-I-&C.}, M being the mo-

dulus of the common logarithms.

Assuming that we have a table of *fp), then given p and co we have the equation

log tan ^(to,— co)= log tan to — $(p) to find q>j ; log tan 5(0)^— 0)^) =log tan cu,- *(3p)
to find Q)^ ; log tan \i^ai.^—oi^=.\o'^ tan ai.,—^{??p) to find w,, and so on. The
approximation is sufficient when *(3"p) is negligible ; and this result is obtained

so rapidly, that iu the extreme case of p= i, x=-2>~-ai^ is correct to ten decimals.

To bring the method to a practical trial, the author has calculated to twelve

decimals a skeleton table of *(p) for p=;0-5, OG, 07, 0-8, 00, and from p= l

to p= 14'3 at intervals of 0-1. The table is given in the paper, and also exam-
ples of the method. The process also by which the table was constructed, with

the aid of tables of cosec p and e~^, previously calculated by the author, is ex-

plained.

General Theorems relating to Closed Curves. By Professor P. G. Tait.

The closed ciu-ves contemplated are supposed to have nothing higher than double

points. By infinitesimal changes of position of the branches intersecting in it, a

triple point is decomposed into three double points, a quadruple point into six, and
I'^T— 1 ^

generally an a-ple point into —^—— double points. (1) A closed curve cuts any

infinite unknotted Hue in an even number of points [infinite here implies merely

that botli ends are outside the closed curve]. (2) The same is true if the line be

knotted. (3) If any two closed curves cut one another, there is an even number
of points of intersection. (4) In going continuously along a closed curve from a,

point of intersection to the same point again an even number of intersections is

passed. (5) Hence in going round such a closed curve we may go alternately

above and below the branches as we meet them. (G) By (3) the same proposition

is true of a complex arrangement of any number of separate closed curves super-

posed iu any manner. (7) In passing from the interior of any one cell to that of

any other^in any system of superposed closed curves—the number of crossings in

always even or always odd, whatever path we take. (8) Hence the cells may be

colom-ed black and white iu such a way that from white to white there is always

an even number of crossings, and from white to black an odd number. Such closed

curves therefore divide the plane as nodal lines do a vibrating plite.

The above are the enunciations of the propositions proved iu the paper, which,

with the necessary figures &c., will be found printed in exfenso in the ' Mes.^enger

of Mathematics,' vol. vi., January 1877.
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On a 'fheorem in the Mensuration of certain Solids

By Professor James Thomson.

On Division-remainders in Arithmetic. By W. H. Walenn.

The author referred to a series of papers of his on unitation recently published
in the 'Philosophical Magazine/ and to some remarks published in the I3rit. Assoc.
volume for 1870. If x divided by 8 leave remainder y, then the author calls y the
unitate of x to the base S, and writes V^x^y. The results of " unitation " may be
conveniently applied to the verification of many numerical operations. The method
of unitation is practically equivalent to the theory of congruencies, viz. the equa-
tion Uja;= y would be written x^y (mod S) ; and many of the results are iden-

tical with those given by Gauss.

On Many-valued Functions. By M. M. U. Wilkinson, M.A.

General Physics, &c.

On the Transformation of Gravity. By James Croll, F.R.8.*

On the Influence of the Residual Oas on the Movement of the Radiometer.
By William Crookes, F.R.S.

The author's recent experiments show that the movement of this instrument is

not due to a direct repulsion exerted by light on the vanes, but to a mutual action
called out between these vanes and the" very attenuated gas remaining in the instru-
ment. It is well known that, with a moderately good vacuum, the motion becomes
more rapid as the exhaustion proceeds ; but he has recently succeeded in producing
such a complete exhaustion that he not only reaches the p'oint of maximum effect,

but goes so far beyond it that the effect nearly ceases. The vacuum is measured by
means of a special apparatus, in which a moving plate, instead of continuously rota-
ting in one direction, as in the ordinary radiometer, is suspended by a glass fibre,
which it twists in opposite directions alternately. The movement is started by
rotating the whole apparatus through a small angle, and the observation consists in
noting the successive amplitudes of vibration when the instrument is left to itself,

a mirror and spot of light being employed for this purpose. The amplitudes form
a decreasing series, with a regular logarithmic decrement. The logarithmic decre-
ment is nearly constant up to the point at which the vacuum is apparently equal to
a Torricellian vacuum, the mercury in the gauge standing at the same height as a
barometric colunm beside it ; but as the exhaustion proceeds beyond this point, the
logarithmic decrement becomes smaller—in other words, the amplitude diminishes
less rapidly. By plotting the observations and supposing the ciu've continued, it is

indicated that, if a perfect vacuum were attained, and the glass fibre had no visco-
sity, the logai'ithmic decrement would be zero, we should have perpetual motion
with constant amplitude, whilst, at the same time, the radiometer would cease to
act. Other gases as well as air have been tried. Aqueous vapour is very unfavour-
able to the action of the radiometer ; hydrogen, on the contrary, gives the best
result of all. Several experiments have been already described, which seem to
point to the true explanation of the action of the radiometer ; but the author thinks
!Mr. Stoney's explanation the clearest. According to this, the repulsion is due to
the intei'ual movements of the molecules of the residual gas. When tlie mean
length of path between successive collisions of the molecules is small compared
with the dimensions of the vessel, the molecules, rebounding from the heated sur-
face, and therefore moving with an extra velocity, help to keep back the mora

* Printed in extmso in the Phil. Mag. 1876, ii. p. 241.
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slowlj- moving molecules wliich are advancing towards the heated surface ; it thus
happens that though the individual kicks against the heated sm-face are increased

in strength in consequence of the heating, yet the number of molecules struck is

diminished in the same proportion, so that there is equilibrium on the two sides of
the disk, even though the temperatures of the faces ai-e imequal. But when the
exhaustion is carried to so high a point that the molecules are sufficiently few, and
the mean length of path between their successive collisions is comparable with the
dimensions of the A-essel, the swiftly moving, rebounding molecules spend their

force, in part or in whole, on the sides of the vessel, and the onward crowding,
more slowly moving molecules are not kept back as before, so that the number
which strike the warmer face approaches to, and in the limit equals, the number
which strike the back, cooler face, and as the individual impacts are stronger on
the warmer than on the cooler face, pressure is produced, causing the warmer face

to retreat*.

Mechanical Theory of the Soaring of Birds. By W. Froxjde, F.E.S.

On the Passage of Fluids through Capillarij and other Tubes.

By Professor F. Guxhrie ayid Dr. F. Gtjthrie.

0)% the Modification of the Motion of Waves produced by Fluid Friction.

By Prof. J. PcTESEK.

On the Forces experienced hy a Lamina immersed vblirpiely in a Fluid /Stream.

By Lord Eayletgh, F.B.S.f

On the Besistanci encountered by Vortex Rings, and the llelation between the

Vortex Ring and Stream-lines of a Dish. By Prof. Osborne Eetnolds.

Description of the Batliometsr. By Dr. C. W. Siemens, F.B.8.

On the Amplitude of Waves of Light and Heat.

By G. Johnstone Stonet, F.R.S.

On Acoustic Analogues to Motions in the Molecules of Oases.

By G. Johnstone Stoney, F.R.S.

Experimental Illustration of the Origin of Windings of Rivers in Alluvial

Plains. By Professor James Thomson, LL.B., D.Se.

The author referred to a communication which he had made to the Royal Society

in the month of May last J, in which he had given a new theory of the flow of

water round bends in rivers and round bends in pipes, and had explained the

reason why, in alluvial plains, the bends of rivers go on increasing hy the wearing

away of the outer bank, and the deposition of mud, sand, and gravel on the inner

* For further researches on this subject, see papers read before the Royal Society,

November 16, 1876, aud on April 26, 1877.

t Printed in extenso in the Phil. Mag. 1876, ii. p. 430.

X Proc. Eoy. Soc. vol. xxv. p. 5.
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bank. The theoretical view which he had then ofl'ered, he now, for the first time,

had verified by practical experiment ; and this experiment he showed in the

meeting. The chief point of the new view now experimentally proved was that

the water in turning: the bend exerts centrifugal force, but that a thin lamina of the

water at bottom, or in close proximity to the bed of the river, is retarded by friction

with the river-bed, and so exerts less centrifugal force than do like portions of tlie

great body of the water flowing over it in less close proximity to the river-bed.

(Jousequeutly the bottom layer flows inward obliquely across the channel towards
the inner bank, and rises up in its retarded condition between the inner bank and
the rapidly flowing water, and protects the inner bank from the scour, and biings

with it sand and other detritus from the bottom, which it deposits along the inner

bank. The apparatus showed a small river, about 8 inches wide and an inch or two
deep, flowing round a bend, and exhibiting very completely the phenomena which
had been anticipated.

On Metric Units of Force, Energy, and Power, larger tlian those on the Centi-

metre- Gram-Second System. Bif Jajies Thomson, LL.D., D.Sc, F.R.S.E.,

Professor of Civil Engineering and Mechanics in the University of Glasgow.

The author premises that under the excellent method of Gauss for establishing

units of force, a unit of force is taken as being the force which, if applied to a unit

of mass for a unit of time, v.ill impart to it a unit of \elocity. In the system
already adoptL'd by the British Association Committee on Dynamical and Electrical

Cnits (Erit. Assoc. Eeport, part i. 187.3, page 222), the Centimetre, the Gram *,

and the Second were taken as the units of length, of mass, and of time ; and the
unit of force thence derived under the method of Gauss was called the Dyne.

That force is very small, quite too small for convenient use in all ordinarj'

mechanical or engineering investigations. It is about equal to the gravity of a
milligram mass, and that force is so small that it cannot be felt when applied to

the hand. That system, designated as the Centimetre-Gram-Second System,
recommended by the Committee of the British Association, and described fidly,

with many applications, in a book since published by Dr. Everett, who was
Secretarj' to the Committee, is well suited for many dynamical and electrical

pm-poses ; and it ought certainly to be maintained for use in all cases in which it

is convenient. But tiie object of the present paper is to recommend the emploj--
nient also of two other systems which are in perfect harmony with it, and to

propose names for the units of force under these two systems.

In one of these systems, the Decimetre, the Kilogram, and the Second are the
imits adopted for length, mass, and time ; and thus the sj'stem comes to be called
the Decimetre-Kilogram-Second System.

In the other, the Metre, the Tonne t, and the Second are adopted as the units of
length, mass, and time; and thus the system comes to be called the Metre-Tonne-
Second System.

It is to be particularly observed that all the three systems here referred to are
framed so as to attain the condition, verv- important for convenience, that the
unit of mass adopted is the mass of a unit volume of water, and that, therefore,
for every substance tlie specific gravity and the density, or mass per unit of volume,
are made to be numerically the same.

In the Decimetre-Kilogram-Second System, the unit of force derived by the
method of Gauss is 10,000 Dynes, or is about equal to the gravity of 10 Grams.
It is impossible, or almost so, to work practically with any such system without
having a name for the unit of force. The unit of force in this system is such that
a human hair is well suited for bearing it as a pull, with ample allowance of extra

* The spelling Gram, instead of Gramme, for the English word is adopted in tlie

present paper in accordance with the spelling put forward in the Metric Weights and
Measures Act, 1864, wbich legalizes the use of the Metric System in Great Britaiu nnd
Ireland.

t The Tonne is the mass or quantity of matter contained in a cubic nicire of water, ar.d

is very nearly the same as the British Ton.
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strength for safety agaiii.st breakage ; and tlie author proposes to call it the Crinitl,

from'the Latin crinis and ciimtlid.
_

In the Metre-Tonne-Second System the unit of force, likewise derived hy the

(Gaussian method, is 10,000 Crinals, or 100,000,000 Dynes, or is about equal to the

gravity of 2 cwt., or of ^o o^' « ton. This force would be properly borne as a pull

by a iuoderatcly-sized rope ; and the author proposes to call it the Fiiiial, from

the Latiji funis and funalis.

Then we have One Horse-Power, of 33,000 foot-pounds per mmute, about equal

to 75,000 Decimetre-Crinals per second ; and the Horse-Power is also about equal

to 75 of a Metre-Funal per second.

Also 1 Metre-Funal = 100,000 Decimetre-Crinals,

= 10,000,000,000 Centimetre-Dynes, or Erg-s,

= 10^" Ergs.

Also 1 Horse-Power is about = 7,500,000,000 Centimetre-Dynes per second,

or as the same may be written 75 X 10^ Centimetre-Dynes per second.

The number 7,500,000,000, for expressing a Horse-Power under the Centimetre-

Gram-Second System, is an exceedingly unmanageable one ; and it gives a very

decisive indication that the Centimetre and Gram are too suiall to be suitable as

fundamental units of length and of mass for ordinary engineering purposes ; and

that there is great need fur the establishment of systems having larger units, such

as those which have beeu recommended in the present paper, and for which a con-

venient nomenclature has been offered.

It is to be observed that the provision made by the British Association Com-
mittee, in the Eeport already referred to, of a uinhiplo of the Dyne, such as the

Megadyne, or million of Dynes, as a larger unit of force, does not accomplish all

that is'to be desired, because various important formulas, or convenient methods

of statement, will not hold good when any of the units are so derived. Thus, for

instance, if the Megadyne be the unit of force, while the Gram and Second are the

units of mass and time, the ordinary formulas for giving the so-called " centrifugal

force " of a revolving mass,

F=— and r =nno-r,
r

will not hold good ; and, as another instance, we may notice that the proposition

that, in respect to a jet of water, the reaction force on the vessel is equal numeri-

cally to the momentum generated per second, will not hold good ; and numberless

other instances might readily be cited, but those given may suffice.

On tlie Preeessional Motion of a Ln^u'td. By Sir W. Thomson, D.G.L., F.B.tS.

The formulas expressing this motion were briefly explained, but the analytical

treatment of them was reserved for a paper " On the Nutation of a Solid Shell

containing Liquid." The chief object of the present communication was to illus-

trate experimentally a conclusion from this theory which has been announced by
the author in his opening address to the Section, to the effect that, if the period of

the precession of an oblate spheroidal rigid shell full of liquid is a much greater

multiple of the rotational period of the liquid than any diameter of the spheroid is

of the diiference between the greatest and least diameters, the preeessional effect

of a given couple acting on the shell is approximately the same as if the whole

were a solid rotating with the same rotational velocity. The experiment consisted

in showing a liquid gyrostat, in which an oblate spheroid of thin sheet-copper

filled with water was substituted for the solid fly-wheel of the ordinary gyrostat.

In the instrument actually exhibited the equatorial diameter of the liquid shell

exceeded the polar axis by about one tenth of either.

Supposing the rotational speed to be thirty turus per second, the effect of any

motive which, if acting on a rotating solid of the same mass and dimensions, would

produce a precession having its period a considerable multiple of ^ of a second,

must, according to theorj', produce very approximately the same precession in the

thin shell filled with liquid as in the'rotating solid. Accordingly the main pre-
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cessioual phenomena of the liquid gyrostat were not noticeably different from those
of ordinary solid gyrostats, which were shown in action for the sake of comparison.
It is probable that careful observation without measurement might show very sen-
sible differences between the performances of the liquid and the solid gyrostat in
the way of nutational tremors produced by striliing the case of the Instrument
with the fist.

No attempt at measurement either of speeds or forces was included in the com-
munication, and the author merely showed the liquid gyrostat as a rough general
illustration, which he hoped might be regarded as an interesting illustration of that
very interesting result of mathematical hydroldnetics, the quasi-rigidity produced
in a frictionless liquid by rotation.

P.S.—Since the communication of this paper to the Association, and the de-
livery of my opening address v/hich preceded it on the same day, I have received
from Prof. Henry No. 240 of the ' Smithsonian Contributions to Knowledge,' of

le

portion of my previously pubfished statements which I had taken the occasion of
my address to correct, expressed in the following terms :

—

"I do not concur with Sir William Thomson in the opinions quoted in note,

p. 38, from Thomson and Tait, and expressed in his letter to Mr. G. Poulett
Scrope (' Nature,' Feb. 1, 1872) ; so far as regards fluidity or imperfect rigidity,

within an infinitely rigid envelope, I do not think the rate of precession would be
affected."

Elsewhere in the same paper Gen. Barnard speaks of " the practical rigidity con-
ferred by rotation." Thus he has anticipated my correction of the statements con-
tained in my paper on the rigidity of the earth, so far as regards the effect of inte-
rior fluidity on the precessional motion of a perfectly rigid ellipsoidal shell filled

with fluid.

I regret to see that the other error of that paper v.'hich I corrected in my opening
address had not been corrected by Gen. Barnard, and that the plausible i-easoning
which had led me to it had also seemed to him convincing. For myself I can only
say that I took the very earliest opportunity to correct the errors after I found them
to be errors, and that I deeply regret any mischief they mav have done in the mean
time.

Addoichcm.

Solid and Liquid Gijrodats.—The solid gvrostat has been regularly shown for
many years in the natural philosophy class of the University of Glasgow as a me-
chanical illustration of the dynamics of rotating solids, and it has also been exhibi-
ted in London and Edinburgh at conversaziones of the Royal Societies and of the
Society of Telegraph Engineers, but no account of it has yet been published. The
following is a brief description of it.

The solid gjTOstat consists essentially of a massive flv-wheel, possessing great
moment of inertia, pivoted on the two ends of its axis in bearings attached to an
outer case which completely encloses it. Fig. 1 represents a section by a plane
through the axis of the fly-wheel, and fig. 2 a section by a plane at right angles to
the axis and cutting through the case just above the fiy-wheel. The containino--
case is fitted with a thin projecting edge in the plane of the flj'-wheel, which "is

called the bearing-edge. Its boundary forms a regular curvilinear polygon of six-
teen sides with its centre at the centre of the fly-wheel. Each side of 'the polygon
is a small arc of a circle of railius greater than the distance of the corners from the
centre. The friction of the fly-wheel would, if the bearing-edge were circular,
cause the case to roll along it like a hoop ; and it is to prevent this effect that the
curved polygonal form described above and represented in the drawing is given to
the bearing-edge.

To spin the solid gyrostat a piece of stout cord about forty feet long and a place
where a clear run of about GO feet can be obtained are convenient. The gyrostat
having been placed with the axis of its fly-wheel vertical, the cord is passed in
through an aperture in the case two and a half times round the bobbm-shaped
part of the shaft and out again at an aperture on the opposite side. Having taken
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care that the slack cord is placed clear of all obstacles, and that it is free from kiiilcs,

the operator holds the gyrostat steady, so that its case is prevented from turning,

while an assistant pulls the cord through by running, at a gradually increasing pace,

away fi-om the instrument, while holding the end of the cord iu his hand. Suili-

cient tension is applied to the entering cord to prevent it from slipping round on
the shaft. In this way a very great angular velocity is communicated to the fly-

wheel, sufficient, indeed, to keep it spinning for upwards of twenty minutes.

If, when the gyrostat has been spun, it be set on its bearing-edge with the centre

of gravity exactly over the bearing point, on a smooth horizontal plane such as a

piece of plate-glass lying on a table, it will continue apparently stationary and iu

stable equilibrium. If while it is in this position a couple round a horizontal axis

in the plane of the flj'-wheel be applied to the wheel, no deflection of this plana

from the vertical is produced, but it rotates slowly round a vertical axis. If a

heavy blow with the flst be given to the side of the case, it is met by what seems
to the senses the resistance of a very stiff" elastic body, and, for a few seconds after

the blow, the gyrostat is in a state of violent tremor, which, however, subsides

rapidly. As the rotational velocity gradually diminishes, the rapidity of the tremors
produced by the blow also diminishes. It is very curious to notice the tottering

condition, and slow, seemingly palsied tremulousness of the gyrostat when the fly-

wheel has nearly ceased to spin.

In the liquid gyrostat the fly-wheel is replaced by an oblate spheroid, made of

thin sheet-copper and lilled with water. The ellipticity of this shell in the in-

strument exhibited is yV—that is to say, the equatorial diameter exceeds the polar

by that fraction of either. It is pivoted on the two ends of its polar axis in bear-

ings fixed in a circular ring of brass surrounding the spheroid. This circle of brass

is rigidly connected with the curved polygonal bearing-edge which lies iu the
equatorial plane of the instrument, thus forming a framework for the support of

the spheroidal shell. In fig. 3 a section is represented through the polar axis to

show the ellipticit}', and fig. 4 gives a view of the gyrostat as seen from a point in

the prolongation of the axis. To prevent accident to the shell, when the gyrostat

falls down at the end of its spin, cage-bars are fitted round it in such a way that no
plane can touch the shell.

The method of spinning the liquid gyrostat is similar to that desci-ibed for the
solid g^TOstat, differing only in the use of a very much longer cord and of a large

wheel for the purpose of pidling it. The cord is first wound on a bobbin free to

rotate round a fixed pin. The end of it is then passed two and a half times round
a little pulley, and thence to a point in the circumference of a large wheel to

which it is fixed. An assistant then turns the wheel with gradually increasing

velocity, while the frame of the gyrostat is firmly held, and the requisite tension

applied to the entering cord to prevent it from slipping round the pulley.

Secular Illustration of the Laws of the Diffusion of Liquids.

By Sir W. Thomson, D.C.L., F.R.S.

On a new case of Instahility of Steady Motion.

By Sir W. Thomson, D.C.L., F.B.S.

On the Nutation of a Solid Shell containing Liquid.

By Sir W. Thomson, D.C.L., F.B.S.
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Light and Heat.

Phvlometnc Measurements of the Mar/neto-electric Light.

By Captain Abney, F.B.S.

Determination of the Conductivity of Heat by Water. By J. T. Boxtomley.

Oyi the Testings of Large Objectives.

By Howard Grtjbb, Master of Engineering, Trinity College, Dublin.

In the testing of large objectives, wlien the corrections have been made to be very

nearly perfect, a difficulty is sometimes felt in determining what, if any, corrections

remain desirable, and also of determining in a simple way the anioimt of the desired

alteration.

For the chromatic aberration one plan often pursued by the optician is to slightly

overcorrect the objective in the iirst instance, and then to separate the crown and

flint (thus reducing the correction) until the best result is attained, when the

amount of separation required becomes by a simple calculation a measure of the

necessary alteration in the curves.

This is an extremely useful practical an-angement ; but unfortunately it is appli-

cable to onlv one of the four possible errors, besides being troublesome and some-

what dangerous in the case of large objectives.

The desirability of some simple plan of introducing, pro tempore, a small + or

— effect of chromatic or spherical aberration, and of being able to accin-ately esti-

mate the quantity of such, has been very apparent to me on seA'eral occasions ; for

I have frequently found the best judges of such matters differ in their estimate of

final correction, "and unable to agree thereon; and I have also often found a diffi-

culty in satisfying myself that the best balance of corrections had been attained

;

whereas if it "were possible to introduce a small amount, pro tempore, of + or —
correction, T could at once have perceived when I had overshot the mark. In

fact the perfection of any connection in an objective means the best balance bc-

ticeen two opposinff aberrations, and (just as in all cases of ascertaining balances)

it is difficult to determine the neutral point unless there be the power of trying on

both sides.

To effect this, in preparing for the trial of the great objective for the new Obser-

vatory at Vienna (of 27 inches aperture), I am constructing four lenses or combina-

tion of lenses capable of being mounted between the objective and ocular, and with

a considerable range of motion in the axis of the telescope :

—

A. While it effects no other correction introduces a small amount of -(-

chromatic aberration.

B. Similarly introduces a small amount of — chromatic aberration.

0. „ '
„ + spherical aberration.

J). „ „ — spherical aberration.

The .'imount of any aberration introduced can be regulated by the position of the

coi'recting lens in the pencil of rays.

Now, knowing the construction of these combinations and their position in the

pencil of rays from objective to ocular, the corresponding correction in the objective

IS an easily calculable quantity. Quite apart from the use to the optician I believe

the comfort of these appliances will be much appreciated by those appointed as

judges, particularly where, as in the case of the Vienna telescope, the testing of the

objective forms part of the work of a Committee composed ofa considerable number

of Members.
I have already experimented in this direction sufficiently to convince myself of

the great value of this system so far as the correction for chromatic aberration is
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concerned; but I have not m yet oxpeiimented on the spherical aberration, nor am
I so sanguine of its success.

There sceras another direction in which a possible advantage might be gained
by use of these correcting combinations, viz. in the case of minute stars wliose
light is made up for a great part of rays from either end of the spectrum, more
particularly the blue end. It seems highly probable that better definition of these

stars could be obtained if a slight temporary adj ustment could be made in the
chromatic correction suitable for that particular part of the spectrum from which
the predominant light of the stai's proceeds.

Of course it is to be understood that the corrections here spoken of and proposed
to be dealt with by their correcting lenses are ojily the very final ones—in fact, when
the objective arrives at that degree of perfection in which it is almost impossible
to say whether any improvement can be effected or not.

On Ilecent Improvements in Equatorial Telescopes.

By HowAED Gkubb, Master of Engineering, Trinity College, Buhlin,

The author referred to former papers read by him at the Brighton and Belfast

Meetings of the Association on the same subject, and proceeded to describe

—

1st. A method of conveniently reading the R.A. circle from the eye-end of the
telescope,

2nd. A new simple but effective arrangement for .slow motion in R.A.
Svd. A new and very much improved, form of clamping arrangement for both

polar and declination axes.

4th. And a new method of controlling the uniform motion driving-clock of the
telescopes from an ordinary sidereal clock by an electric current transmitted once a
second from the sidereal clock; by which arrangement the driving-clock can be
kept going continuously without the possibility of accumulation of errors beyond a
small fraction of a second.

On a Method of Phofograpiling the Defects in Optical Glass arising from want

of Jlomngenetfy. By Hovvakd Grubb, Master of Engineering, Trinity

College, Duhlin.

The best practical method used for detecting in disks of optical glass defects
arising from want of homogeneity is probably well known to many amateurs as well
as to professional opticians.

The disk of glass to be examined should be either itself polished to a convex form,
or, if that be not convenient, it should be placed in juxtaposition with a piece of
glass which is known to be perfect and of such form as will i-ender the combination
of the two of convex power. A small light (say gas- or candle-flame, or any suf-

ficiently brilliant light with a small diaphragm in front, see fig. 1) is placed at some

Fig.l.

little distance, and the eye is placed in the conjugate focus formed by the lens of
this light. The disk of glass should then appear brilliantlv illuminated ; but if

the pupil of the eye is drawn slightly to one side, so that the pencil of light falls
upon only one half of the pupil, immediately and most distinctly almost any want
ot homogeueilv is easilv seen.
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1 say " almost any want of homogeneity," because, with one exception, I believe

any kind can be detected ; but I have met, very rarely, instances of one peculiar

class of this defect which it is not possible to detect till the disk is actually worked

into an objective : this happens when a slight gradual change of density occurs be-

tween two portions of the disk with no abrupt line of separation between.

Now this process, though a very simple one to a practised eye, is by no means so

to an uneducated one ; and I have often desired a method by which I could gi-aphi-

cally represent those faults so that I might be able to communicate to others my
ideas as to their exact forms and appearance, position in the disk, and so forth, and
also to form a record of them. This, by a very simple contrivance, I have succeeded
in doing, and I am now able to photograph these defects in optical glass with per-

fect certainty.

A glance at the diagram will sufRce to show the principle by which this is

effected.

Fig. 2.
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On the Decrease of Ti'mpendure with Height on the Earth's Surface.

By Trofossor Hunnessy, F.ILS.

If the air were perfectly still, the temperature at any point in the atmosphere

would depend on its density, the heat absorbed from the solar rays, the heat ob-

tained by convection from the earth, and the losses of lieat by radiation.

Of these the first has been almost exclusively considered. This is especially so

ill all investigations for the ascertainment of lieights by the barometer. The exclu-

sion of the other causes of variation of temperature with heig-lit may be admissible

in considering the condition of a vertical column of air resting on a horizontal plane

;

but the problem assumes a very different character when tlie decrease of tempera-

ture witli height along a very gradually sloping surface is considered. Such a

surface is constantly communicating its temperature by convection currents to the

overlying air, and the temperature of this air will depend on the extent, form, and

physical properties of the underlying surface. If we suppose a flat plain on the

level of the sea, an observer in a balloon at a height of 1000 feet would find the

temperature almost unaffected by convection and dependent upon density. If, now,

a steep mountain is superimposed on the plain and reaching to the observer, the

conditions become altered. If a mountain of a gradual slope be superimposed, the

alteration will be still gi-eater ; and if the entire plain were elevated up to 1000

feet so as to form an extensive tableland, the change of conditions would be very

remarkable.

It follows that the law of vaiiation of temperature with height above the level

of the sea cannot be considered as uniform. The decrease is most rapid in going

up through a vertical column of air, as in balloon ascents. It is slower along

mountain sides, and slowest along gradually sloping plains or tablelands.

From an examination of tlie records of many observations, it appears that the

decrease of temperature in balloon ascents is nearly one degree Fahrenheit for 300

feet, while for tablelands it is so slow as from 500 to 800 feet for one degree.

The author referred to a number of observations made in different countries con-

firming the general conclusions to which he has been led.

On the Distribution of Temperature over the British Islands.

By Professor Hennesst, F.B.S.

The author referred to his former researches on the distribution of temper.^ture

over islands surroimded by heat-bearing cun-euts and his demonstration that many
of the isothermal lines in such islands must necessarily be closed curves*. He had

originally illustrated his conclusions by the results of observations taken in the

British Islands, and the isothermal lines laid down from such observations were

found to be in perfect harmony with the law he had proved. In order to render

this manifest he tabulated together the temperature of each, stating its latitude,

longitude, height above the sea, and horizontal distance from the nearest sea coast.

The actual temperature of any place is affected by all of these elements. In laying

down the isothermal lines the actual temperatures unaltered by any so-called cor-

rection for height were always employed. The stations were arranged according to

temperature, and thus isothermal groups were immediately discovered. If the more

recent collection of temperature results for the British Isles compiled by Mr. Buchan

in the Journal of the Scottish Meteorological Society be treated in this way and the

arbitrary and erroneous addition of 1° per every 300 feet in height be omitted, his

results will conform to the law enimciated by the author.

* See Brit. Assoc. Eep. 1857, pt. 2, p. 30; Atlant^is, i. 185S, pp. 39G-413; Phil. Mag.
xvi. 1858, p. 241 ; Eoyal Society Proc. ix. p. 324 ;

" On the Laws which regulate the

Distribution of Isothermal Lines," Atlantis, ii. p. 201 ; American Journal of Science, xxvii.

p. 328. Copies of the temperature-maps are also partly reproduced in Eeport of Horti-

cultural Congress at London in 186G ; Journal of the R. Dublin Society, vol. for 1870-71

Eeport of the Commission on Ojstcr Fisheries, 1871.
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Siir Ie$ Usagei da Revolver PhotojrapJdque en Astronomie et en Biologic.

By Dr. J. Janssen,

Photographies du Pasmge de Venus a Kohe. By Dr. J. Jansse\.

Sur le Mirage en Mer. By Dr. J. Janssen.

On Solar Photography, with reference to the History of the Solar Surface.

By Dr. J. Jajtssbn.

On the Eclipse of the Sun observed at Siam in Ajiril 1875.

Bii Dr. J. Janssen.

On Rotation of the Plane of Polarization by Reflection from a Magnetic Pole.

By John Kerr, LL.D., Mathematiccd Lecturer of the Free Church Training
College, Glasgow*.

In these experiments a beam of light is polarized by a first Nicol, reflected regu-
larly from the end of an electromagnetic core of soft iron, and analyzed by a second
Nicol. The magnetic force is concentrated intensely upon the miiTor by means of
a massive wedge of soft iron, which is separated from it by a narrow chink. The
light is incident upon the polar mirror at an angle of C0° to 80°; the plane of
polarization coincides with the plane of incidence ; and the two Nicols are exactly
crossed, so that the reflected light is extinguished by the second Nicol.

First Experiment.—When the iron mirror is intensely magnetized as N. pole or
S. pole, the light is distinctly restored from pure extinction, to disappear at once
when tlie circuit of the magnetizing current is broken.

Second Experiment.—The first Nicol is turned from its initial position through
an extremely small angle— (1) to the right, (2) to the left (from the point of inci-
dence on the iron mirror as point of view), so that the reflected light is restored
very faintly through the second Nicol. When the mirror becomes an intense S.
pole, the eftects of rotations (1) and (2) are strengtheued and weakened respectively;
on the contrary, when the miiTor becomes an intense N. pole, the effects of rota-
tions (1) and (2) are weakened and strengthened respectively.

In the two remaining experiments the optical ellects of "the preceding rotations

(1) and (2) and of magnetizations S. and N. of the mirror are compensated sepa-
rately. The compensator is a slip of plate-glass, held in a standard position between
the mirror and the second Nicol and strained by the hands. The angle of incidence
is about 75^.

Third Experiment.—The first Nicol is turned from its initial position through an
extremely small angle—(1) to the right, (2} to the left, so that the light is faintly
restored from extinction by the second Nicol. The eftects of displacement (1)
and (2) are compensated, dowu to pure extinction, by tension and compression
respectively.

Fourth Experiment.—A repetition of the first, with addition of the compensator.
The eftects of magnetizations S. and N. of the mirror are compensated, down to
pure extinction, by tension and compression respectively.
The case of perpendicular incidence was tried carefully, but gave no good effect,

the arrangements being comparatively imperfect. From" the facts observed, it fol-

lows evidently that when a beam of "plane polarized light is reflected from a mag-
netic pole, the plane of polarization is turned in the process of reflexion—to the
left by a south-seeking pole, to the right by a north-seeking pole ; so that in this

* A full account of this investigation is given in the Phil. Mag., Mny 1877.
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case of refloction from iron, as in most cases of transmission through salts of iron,

the plane of polarization is turned in a direction contrary to that of the magne-
tizing current.

A Description of Sjjottiswoode's Poclcet Polarizing Apparatus. By AY. Ladd.

On a Phenomenon of Metallic IttJIection. By Professor G. G. Stokes, F.E.S.

The phenomenon which I am about to describe was observed by me many years

ago, and may not improbably have been seen by others ; but as I have never seen

any notice of it, and it is in some respects very remarkable, I think that a descrip-

tion of it will not be unacceptable.

When Newton's rings are formed between a lens and a plate of metal, and are

viewed by light polarized perpendicularly to the plane of incidence, we know
that, as the angle of incidence is increased, the rings, which are at first dark-

centred, disappear on passing the polarizing angle of the glass, and then reappear

white-centred, in which state they remain up to a gi-azing incidence, when they can

no longer be followed. At a high incidence the first dark ring is much the most
conspicuous of the series.

To follow the rings beyond the limit of total internal reflection we must employ

a prism. When the rings formed between glass and glass are viewed in this way,
we know that as the angle of incidence is increased the rings one by one open out,

uniting with bands of the same respective orders which are seen beneath the limit

of total internal reflection ; the limit or boundary between total and partial reflection

passes down beneath the point of contact, and the central dark spot is left isolated

m a bright field.

Now when the rings are formed between a prism with a slightly convex base

and a plate of silver, and the angle of incidence is increased so as to pass the cri-

tical angle, if common light be used, in lieu of a simple spot we have a ring, which
becomes more conspicuous at a certain angle of incidence well beyond the critical

angle, after which it rapidly contracts and passes into a spot.

As thus viewed the ring is, however, somewhat confused. To study the pheno-
menon in its purity we must employ polarized light, or, which is more convenient,

analyze the reflected light by means of a Nicol's prism.

When viewed by light polarized in the plane of incidence, the rings show nothing
remarkable. They are naturally weaker than with glass, as the interfering streams

are so unequal in intensity. They are black-centred throughout, and, as with glass,

they open out one after another on approaching the limit of total reflection and
disappear, leaving the central spot isolated in the bright field beyond the limit.

The spot appears to be notably smaller than with glass under like conditions.

With light polarized perpendicularly to the plane of incidence, the rings pass

from dark-centred to bright-centred on passing the polarizing angle of the glass,

and open out as they approach the limit of total reflection. The last dark ring to

disappear is not, however, the first, but the second. The first, corresponding in

order to the first bright ring within the polarizing angle of the glass, remains iso-

lated in the bright field, enclosing a relatively, though not absolutely, bright spot.

At the centre of the spot the glass and metal are in optical contact, and the reflection

takes place accordingly and is not total. The dark ring, too, is not absolutely

black. As the angle of internal incidence increases by a few degrees, the dark ring

undergoes a rapid and remarkable change. Its intensity increases till (in the case

of silver) the ring becomes sensibly black ; then it rapidly contracts, squeezing out,

as it were, the bright central spot, and forming itself a dark spot, larger than with
glass, isolated in the bright field. When at its best it is distinctly seen to bo
fringed with colour, blue outside, red inside (especially the former), showing that

the scale of the ring depends on the wave-length, being greater for the less refran-

gible colours. This rapid alteration taking place well beyond the critical angle is

verj' remarkable. Clearly there is a rapid change in the reflective properties of the
metal, wliich takes place, so to speak, in passing through a certain angle determined
bv a sine greater than unity.

" 187G.
^

4



42 REPORT—1876.

I have described the phenomenon with silver, which shows it hest ; but specidum-
metal, gold, and copper show it very well, while with steel it is far less conspicuous.
When the coloured metals gold and copper are examined by the light of a pure
spectrum, the ring is seen to be better formed in the less than in the more refi'an-

gible colours, being more intense when at its best ; while with silver and speculum-
metal there is little difference, except as to size, in the different colours. Hfematite
and iron pyrites, which approach the metals in opacity and in the change of phase
which theyproduce by reflection of light polarized parallelrelatively to light polarized
perpendicularly to the plane of incidence, do not exactly form a ring isolated in a
bright field ; but the spot seen with light polarized perpendicidarly to the plane of
incidence is abnormally broad just about the limit of total reflection, and rapidly
contracts on increasing the angle of incidence.

It seemed to me that a sequence may be traced from the rapidly contracting
rings of diamond seen in passing the polarizing angle of that substance, through the
abnormally broad and rapidly contracting spot seen with iron pyrites just about
the limit of total reflection, and the somewhat inconspicuous ring of steel seen a
little beyond the limit, to the intense rapidly contracting ring of silver seen consi-
derably beyond the limit. K so, the full theory of the ring will not be contained
in the usually accepted formulae for metallic reflection, modified, as in the case of
transparent substances, in accordance with the circumstance that the incidence on
the first surface of the plate of air is beyond that of total reflection.

MacOullagh was the first to obtain the formulae for metallic reflection, showing
that they were to be deduced from Fresnel's formulae by making the refractive

index a mixed imaginary, though they are usually attributed to Oauchy, who
has given formulae differing from those of MacHullagh merely in algebraic detail.

As regards theory, Cauchy made an important advance on what MacCullagh had
done in connecting the peculiar optical properties of metals with their intense ab-
sorbing power*. Now Fresnel's formulae do not include the phenomena discovered
by Sir George Airy, which are seen in passing the polarizing angle of diamond,
and which have been more recently extended by M. Jamin to the generality of
transparent substances ; and if these pass by regular sequence to those I have de-
scribed as seen with metals beyond the limit of total internal reflection, it follows
that the latter would not be completely embraced in the application of Fresnel's
formulae, modified to suit an intensely absorbing substance and an angle of inci-

dence given by a sine greater than unity f.

Electricity.

On the Contact Theory of Voltaic Action. By Professors Atrton and Perrt.

On a new Form of Electrometer. By Prof. J. Dewae, F.B.S.E.

On a Mechanical Illustration of Electric Induction and Conduction.

By Oliver J. Lodge, B.Sc.

The paper describes the construction of a model which illustrates Prof. Clerk
Maxwell's theory of electric action on the hypothesis of stress in a dielectric me-

* The apparent difference between MacCullagh and Cauchy as to the values of the

refractive indices of metals is merely a question of arbitrary nomenclature.

t It was long ago observed, botli by Professor MacCullagh and Dr. Lloyd, that when
Newton's rings are formed betweeu a glass lens and a metallic plate, the first dark ring sur-

rounding the central spot, which is comparatively bright, remains constantly of the same
size at high incidences, although the other rings, like Newton's rings formed between two
glass lenses, dilate greatly as the iucideuce becomes more oblique. See ' Proceedings of the

Eoyal Irish Academy,' vol. i. p. 6.
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dium, and which consists essentially of an endless cord passing with friction

through buttons supported on elastic strings. By altering the relation between the
friction and the elasticity of different parts, it can be made to exhibit very com-
pletely the phenomena observed when an electromotive force is made to act :—(1)

between the ends of a metal wire
; (2) through an electrolytic liquid, when it

illustrates the convection of electricity by the cathion and the polarization of the

electrode
; (3) in an accumulator with perfectly insulating dielectric, when it shows

the polarization of the dielectric, the displacement of electricity in the dii'ection of

the force, the tension along the lines of force, occasional possible disruptive dis-

charge, and consequent possible internal charge
; (4) across a dielectric which is

homogeneous, but has a slight conducting power, showing in this case a continuous
ordinary conduction-current, in addition to the variations of electric displacement

;

(5) across a non-homogeneous or stratified dielectric, in which a " residual charge "

is possible. If made of proper materials, the model would exhibit this residual

charge quantitatively as well as qualitatively ; and, in fact, the investio:ation " On
the Theory of a Composite Dielectric " (in arts. 328-330 of Maxwell's ' Electricity')

would apply to it with little modification. It further illustrates incidentally the
action of a voltaic cell and of a submarine cable.

On a Mechanical Illustration of Thermoelectric Plienomena.

By Oliver J. Lodge, B.Sc.

The model which illustrates metallic conduction in the preceding communica-
tion is supposed to be modified, so that all the buttons execute very rapid isochro-

nous simple harmonic motions, sliding to and fro on the cord. The rate of cooling
of a body placed in an enclosure at absolute zero is then seen to be proportional to

the absolute temperature of the body, and to depend on its specific electrical resist-

ance. The electric condition of tourmaline is explained by an hypothesis as to the
nature of its internal structure ; and the amount of heat generated by an electric

current passing through a metallic conductor is deduced in accordance with Joule's

law. An hypothesis is then started as to the nature of the internal actions at a
junction either of two different metals at the same temperature or of two parts of

the same metal at different temperatures ; and, on the strength of this hypothesis,

electromotive force produced by contact, the Peltier efiect, and Thomson's electric

convection of heat are all illustrated. The exact laws which have been experi-
mentally established for these efiects may possibly be deducible from considerations
founded on the model ; but this has not yet been properly done*.

On the Protection of Buildings from Lightning.

By Professor J. Clerk Maxwell, F.B.S.

Most of those who have given directions for the construction of lightning-
conductors have paid gi'eat attention to the upper and lower extremities of the
conductor. They recommend that the upper extremity of the conductor should
extend somewhat above the highest part of the building to be protected, and that
it should terminate in a sharp point, and that the lower extremity should be car-
ried as far as possible into the conducting strata of the ground, so as to " make "

what telegraph engineers call " a good earth."

The electrical effect of such an arrangement is to tap, as it were, the gathering
charge, by facilitating a quiet discharge between the atmospheric accumulation and
the earth. The erection of the conductor will cause a somewhat greater number
of discharges to occur at the place than would have occurred if it had not been
erected, but each of these discharges will be smaller than those which woidd have
occurred without the conductor. It is probable, also, that fewer discharges will
occur in the region surrounding the conductor. It appears to me that these arrange-
ments are calculated rather for the benefit of the surrounding country, and for the

* These two papers are published, with some additions, in the Phil. Mag. ser. 5, vol. ii.

pp. 353 and 524.

4*
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relief of clouds labouring under an accumulation of electricity, tlian for the pro-

tection of tlie building- on which the conductor is erected.

"What we really wish is to prevent the possibility of an electric discharge taking

place within a certain region, say, the inside of a gunpowder manufactory.

If this is clearly laid down as our object, the method of securing it is equally

clear.

An electric discharge cannot occur between two bodies unless the difference of

their potentials is suificiently great compared with the distance between them. If,

therefore, we can heep the potentials of all bodies within a certain region equal or

nearly equal, no discharge will take place between them. We may secure this hj
connecting all these bodies by means of good conductors, such as copper-wire ropes

;

but it is not necessary to do so ; for it may be shown by experiment that if every
part of the surface surrounding a cei-tain region is at the same potential, every
point within that region must be at the same potential, provided no charged body
IS placed within the region.

It would therefore be sufficient to surround oiu- powder-mill with a conducting
material (to sheathe its roof, walls, and ground-floor with thick sheet-copper), and
then no electrical effect could occur within it on account of any thunder-storm
outside.

There would be no need of any earth-connexion. We might even place a layer

of asphalt between the copper floor and the groimd, so as to insulate the building.

If the mill were then struck with lightning, it would remain charged for some
time, and a person standing on the ground outside and touching the wall might
receive a shock ; but no electrical effect would be perceived inside, even on the most
delicate electrometer. The potential of every thing inside, with respect to the earth,

would be suddenly raised or lowered, as the case might be ; but electric potential

is not a physical condition, but only a mathematical conception, so that no physical

effect could be perceived.

It is therefore not necessary to connect large masses of metal, such as engines,

tanks, &c., to the walls, if they are entirely within the building.

If, however, any conductor, such as a telegraph-wire or a metallic svipply-pipe for

water or fias, comes into the building from without, the potential of this conductor
may be diflerent from that of the building, unless it is connected with the conducting
shell of the building. Hence the water or gas supply-pipes, if any enter the building,

must be connected to the system of lightning-conductors ; and since to connect a
telegraph-wire with the conductor would render the telegraph useless, no telegraph

from without should be allowed to enter a powder-mill, though there may be elec-

tric bells and other telegi-aphic apparatus entirely within the building.

I have supposed the powder-mill to be entirely sheathed in thick sheet-copper.

This, however, is by no means necessaiy in order to prevent any sensible electric

effect taking place within it, supposing it struck by lightning. It is quite sufficient

to enclose the building with a network of a good conducting substance, for in-

stance, if a copper wire, say No. 4, B.W.G. (0-238 inch in diameter), were carried

round the foundation of a house, up each of the corners and gables, and along the
ridges, this would probably be a sufficient protection for an ordinary building

against any thimder-storm in this climate. The copper wire may be built into the
wall to prevent theft, but it should be connected to any outside metal, such as

lead or zinc on the roof, and to metal rain-water pipes.

In the case of a powder-mill, it might be advisable to make the network closer

by carrying one or two additional wires over the roof and down the walls to the wire
at the foundation. If there are water- or gas-pipes which enter the building from
without, these must be connected with the sj'stem of conducting-wires ; but if there

are no such metallic connexions with distant points, it is not necessary to take any
pains to facilitate the escape of the electricity into the earth.

It is desirable, however, to provide for the safety not only of the building itself,

but of the system of conductors which protects it. The only parts of this system
which are in any danger are the points where the electricity enters and leaves it.

If, therefore, the system terminates above in a tall rod with a sharp point, and
do-svnwards in an " earth wire," the external discharge will be almost certain to

occur at the ends of these electrodes, and the only possible dan;nge ^^•ill be the loss
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of a few particles from tlieir extremities ; but even if the rod and wire were de-

stroyed altogether, the building would still be safe.

On Compass Coi-nctlon in Iron Sh'j;>s. Btj Sir W. Thomson, D.C'.L., F.R.S.

Effects of Sfre,-^s on the Macpietization of Iron.

Bff'fiiv W. Thomson, 'D.C,L.,F.E.S.

On Contact Ehetridt)j. By Sir "W. Thomson, D.C.L., F.11.S.

AcorsTics.

On the Conditions of the Transformation of Pendalum-Vihrations ; with an

experimental illustration. By R. H. M. Bosanqtjbt, Fellow of St. John's

College, Oxford.

Under certain circumstances, a pendulum-vibration of given period can give rise

to impulses which support vibrations whose periods are h h h ^f the period

of the original vibration. The conditions under which this tates place are of

interest.
. • j- •

Wheatstone enunciated the following as an experimental law :—A periodic im-

pulse can sustain vibrations whose I'req^uencies are multiples of that of the irnpulse.

This was supported by an experiment in which the harmonics of a Jew's harp

are obtained from it by an adjustable resonator. But a general law cannot be

proved by a particular experiment.

An experiment was adduced in contradiction of the generality of the above law.

It can be shown that the stopped pipes of the organ are incapable of supportingthe

vibration of resonators tuned to their octave and double octave, while open pipes

are capable of doing so.

As the result of mechanical theory, the law may be enunciated that no pendulum-

vibration can be maintained in a vibrating system, unless the acting forces contain

impulses of the same period as the vibration maintained.

The experiments commonly shown, in which a simple pendulum-vibration is

made to support its harmonics, generally depend on a transformation of the vibra-

tion in the transmission of the impulse. The apparatus exhibited forms a type of

the general process of transformation by transmission.

A metronome vibrating seconds furnishes the fundamental vibration : a number

of small pendulums vibrate 2, 3, 4, 5, 6, 7, and 8 times in a second. By making

connexions between the metronome and the pendulums with elastic cord in diffe-

rent ways, the different kinds of transmission (with and without transformation)

can be illustrated.

When the cord is tight, the impulses are transmitted without transformation ;

when the cord goes slack during the vibration, the impulses are transformed into a

series of pulls. In the first case the small pendulums are not affected ; in the second

they are generally set in vibration.

The following points are illustrated by the experiment with the partly slack cord,

where the impulses constitute a series of pulls :

—

The common exposition of the theory of musical sounds, in which the impulses

are compared to the blows of a hammer, really makes a very complex effect the

basis of operations. The notes thus constructed differ from sirnple musical tones in

having the power of supporting the vibrations of their harmonics.

T?he cases of the notes of the siren and the harmonium, in which the sound is

produced by a series of jets of air, are illustrated by the same experiment.

An experiment of Prof. Mayer's, for the analysis of the sound of a reed pipe, by
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attaching a vibrating portion of it to tuning-forks, was discussed. It was shown
that the mode of transmission is such as to lead to transformation, whereby the

analysis is vitiated.

Mr. J. B.iillie Hamilton's experiment, in which an harmouium-reed is made to

support the vibrations of a wire sounding its harmonics without actual attachment,
was shown to be a case of transformation.

The production of harmonics by resonance from the Jew's harp or harmonium-
reeds without wind was discussed ; and it was shown that they may be regarded
as giving rise to discontinuous impulses at the moment when they close the open-
ings in which they fit.

It was then shown how a series of discontinuous impulses may be expressed
mathematically ; and from the fact that the expressions involve pendulum-vibrations
corresponding to the harmonics, it was shown to follow that harmonic vibrations

may be excited by such a series of impulses.

The nature of the modification the expressions require for application to the siren

was pointed out, and it was thus explained how the siren tone comes to involve

harmonics of considerable intensity.

We now come to the problem of transformation of simple-sound vibrations by
transmission through air.

An experiment was described in which a large tuning-fork was presented to a
series of resonators (organ-pipes) tuned to its harmonics ; the result was that, ^vitll

the fork aj^ue, they were audible up to the tierce inclusive (harmonic of lifth order),

and with a disk of wood fastened on to the prong they were audible up to the
harnionic seventh inclusive.

A mathematical investigation of the transformation of simple vibrations in air

was then cai'ried out, and applied to the above experiment. It results that for the

fiftli harmonic of the fork, which was clearly heard, the flow of energy should be
approximately

;-——-— foot pounds per second,
2x10'" ^ ^

This seeming extraordinarily minute, an experiment was made with a small tuning-

fork of about the same pitch as the fifth harmonic above mentioned. The time of

diminution of the amplitude to -^-^ was observed and the initial amplitude. From
this the amplitude was calculated at the subsequent time when the sound just

ceased to be audible. The flow of energy per second at this point was estimated
approximately at

4^^ foot pounds,

which agrees pretty well with the above number deduced from theory.

It was then pointed out tliat the intensity due to a given flow of energy is diffe-

rent in different parts of the scale. Helmholtz has remarked this (p. 264 of Ellis's

Helraholtz) ; and, in a paper in the 'Philosophical Magazine' (Nov. 1872), the writer

showed that, if we admit that in similar organ-pipes similar proportions of the

energy of the wind supplied are converted into sound, the mechanical energy of

notes of given intensity varies inversely as the vibration number, a law in accordance
with the indications given by Helmholtz.

The theory was then applied to ascertain the extent of the development of har-

monics in a tubular resonator tuned to the fundamental. Such development turns

out to be very considerable. In consequence of this we cannot generally assume
that the notes produced by resonators are simple tones. The bearing of this on a
recent important paper of KcEuig's was alluded to.

True Intonation, illustrated by the Voice-Barmonium with, Natural Finger^

board. By Colin Brown.

A series of harmonics forms an arithmetical progi-ession, the number of the

vibrations between any consecutive members of the series being equal. The vibra-

tions rapidly increase in velocity in the higher harmonics, while the musical inter-
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vals ns rapidly decrease : the same number of vibrations which between the Ist and

2nd steps of the harmonic series produce an octave, between 2ud and 3rd step a

fifth, between the 4th and 5th steps a major third, between the 15th and 10th steps

produce only a diatonic semitone, and so onwards beyond the range of musical

computation.

In contrast with this harmonic series of sounds, which is simple, arithmetical,

and perfectly ref^ular, we have the series of the musical scale, which is compound,

geometrical, and so irregular that two tones or steps of equal vibrations cannot

musically succeed each otlier. Of the 48 sounds in the harmonic series, 22 are

coincident with the musical series, and 26 ai-e not coincident.

Of these 22 coincidences, the root, or lowest sound of the harmonic series,

occurs as

—

The 4th sound of the musical scale times.

The 1st sound, or Tonic, occurs 5 „

The Gth „ of the scale „ 4 „

The 5th „ „ „ 3 „
The 3rd „ „ „ 2 „

The 2nd „ „ „ 1 „
The 7th „ „ „ 1 „

In all 22 „

Of these 22 coincidences between the harmonic series and the musical series, the

last are the numbers 24, 27, 30, 32, 36, 40, 45, and 48, which form the relations of

the musical scale.

This full harmonic series can onhj be built upon Fa, or the 4th of the musical

scale, as its root ; and the first power of Fa, 10§ (as it appears in the lowest series

of the musical scale 8, 9, 10, 10§, 12, 13J, 15, 16), is the common multiplier and

divisor of the vibrations of all the sounds of the musical scale. Thus in the octave

from tenor C upwards the vibrations are :

—

CDE P a ABC
256, 288, 320, 341^, 384, 426§, 480, 512.

These, divided by the first power of Fa, or the 4th of the musical scale (say 10§),

give 24, 27, 30, 32, 36, 40, 45, 48, being the figui-es of the musical scale with

which the harmonic series closes.

In this harmonic series the 8lh, 9th, and 10th tones or steps following in diatonic

succession are the 1st, 2ud, and 3rd tones of the musical scale, and the 15th and 16th

are the 7th and 8th of the musical scale.

These figm-es give us the first or lowest relations of the musical scale, 8 : 9, 9 : 10,

and 15 : 16 :

—

The large step or tone of 8 : 9 occurs 3 times.

The less „ „ 9:10 „ 2 „
The small „ „ 15:16 „ 2 „

Within the octave, in all 7 steps or tones.

These relations of the tones or steps of the scale are always the same in every key.

C, =512 vibrations, is common to the keys of Bj;, F, C, and G; and the 7th or

diatonic semitone below, =480 vibrations, is common to the keys of C, G, and D
;

so with every musical tone. Each of these is represented by a digital upon the

natural finger-board of the author's voice-harmonium.
For distinction the digitals representing tones common to 4 keys are white, those to

3 keys are coloured ; the 1st, 2ud, 4th, and 5th tones of the scale in every key are

white, and the 3rd, 6th, and 7th are coloured.

In every key, looking along the fingerboard, the progression of the scale is the

same :—8 : 9, 9 : 10, 15 : 10, 8:9, 9 : 10, 8:9, 15 : 16. From white digital to

white, or from coloured to coloured, there is always the large step or tone of the

scale 8:9; from white to coloured always the less tone of the scale 9 : 10 ; and
from coloured to white always the small step or tone 15 : 16, the diatonic semitone.

Looking across the finger-board at the digitals endwise, from the end of each white
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digital to the end of the coloured immediately above it in direct line there is

always the chromatic semitone of 128 : 135, and from the end of each coloured

digital to the end of the white immediately above the comma of 80 : 81 always

appears.

Between each white or flat note, as E|; , and each coloured or sharp note, as DJf,

at the distance of six removes looking across the diagram or finger-board, the schisma

of the scale is always found, 32,768 : 32,805.

The only other relation of the scale is represented by a round digital on the

finger-board and by 7 minor on the diagram ; it is tuned as 15 : 16, to the 6th of

the major scale, and supplies the sharpened 7th and 6th tones of the modern minor
scale ; "it also gives the imperfect chromatic semitone of 24 : 25 in relation to the

5th of the major scale.

This finger-board is termed "natural " because no extra digitals lite the five black

digitals of the ordinary keyboard are required to produce the chromatic tones.

Eveiy coloured digital is sharp in relation to the white below it ; and every white

digital is flat in relation to the coloured above it, the relation being always 128 : 135.

On this finger-board only 4 musical relations, viz. 8 : 9, 9 : 10, 15:6, and 128 : 135,

are found, and 3 musical difierences, viz. 24 : 25, 80 : 81, and 32,768 : 32,805.

All the larger intervals of the scale are formed by adding 8:9, 9:10, and 15 : 16
together, and all the smaller intervals are produced by subtracting or dividing

these, thus :

—

8 : 9 less 15 : 16 = 128 : 135, the chromatic semitone
;

9:10 „ 15:16= 24 : 25, the imperfect chromatic semitone

;

8:9 „ 9 : 10 = 80 : 81, the comma ; and
8 : 9 „ 9 : 10 = 128 : 135, which being

squared and divided by 9 : 10, gives the schisma 32,768 ; 32,805. Thus all the in-

tervals and relations of the musical scale proceed from these three simple elements,

8 : 9, 9 : 10, and 15 : 16.

By adding a comma and a schisma together, the comma of Pythagoras is produced.

This is always found between keys changed enharmonically, as from C [^ to B.

The three series of digitals upon this finger-board, white, coloured, and roimd, are

very easily tuned by perfect fifths throughout, and connected together by major
thirds. The tuning is diagonal, producing every interval perfectly in its proper place.

Tuned in this way, this instrument (within its range or compass) is mathemati-
cally and musically perfect, without compromise or approximation of any kind, and
requiring neither equations, decimals, nor logarithms to explain it. It is very easily

played upon*.

Oil a Practical Method of Tuninq a Major Third.

By Sir W. Thomson, D. G\L., F.B.S.

Instkuments, &c.

On a Form of Gasholder giving a uniform Flow of Gas. By Prof. Barkett.

Diagrams and Description of the new Lecture-Tahle for Physical Demonstration

in the Itoyal College of Science for Ireland. By Prof. Barrett,

Two neiv Forms of Apparatus for the Experimental Illustration of the Expan-
sion of Solids by Heat. By Prof. Barrett,

* The principles of construction, tuning, &,c. of tliR voioe-harmonium will bo found
fully explained in ' Mueic in Common Things,' part ii. Collin* and Co. : London, Edin-
burgh, and GlRggoTf.
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On a Modification of the Sprengel Pump, and a new Form of Vacuum-Tap,
By 0. H. GiMiNSHAM.

On iiew Standards of Measure and Weight, By Prof. IJennessy, F.E.S.

On a new Form of Thermojneter for ohservinrj Earth Temperature,

By G. J. Symons.

On an UnmistaTcahle True North Compass. By G. J. Ststons.

The aiitlior said that it was not generally known, except to nautical and to

scientific men, that the compasses usually sold did not point to the true North or

South Pole of the earth. The magnetic Pole, to which all compass-needles pointed,

was not identical with the geographical pole, which was the north point of

maps. The variation of the needle was considerable, and was no doubt often

the cause of tourists losing their way. The difference between true and mag^ietic

north was not the same in all parts of the United Kingdom, and a fortiori in all

parts of the globe, nor was it absolutely the same from year to year. One of the

advantages of these instruments was their pointing to the true north, the other

was their " unmistakableness." These compasses were corrected for use in the United

Kingdom, but could be adapted to any specified locality in any part of the world.

0)1 a new Form of Astronomical Clock with Free Pendulum and Indepen-

dently Governed Uniform Motion for Escapement-iuheel, By Sir "W.

I^ou^o^, D.C.L., F.B.S.

The object of this communication was to explain to members of the Association

and give them an opportunity of seeing in the authors house in the_ University a

clock which had been described in a communication to the Royal Society, in 1869,

entitled " On a New Asti'onomical Clock and a Pendulum Governor for Uniform

Motion." The following description is taken from the ' Proceedings of the Royal

Society ' for 1869, except a few alterations and additions and the drawings, which

have not been hitherto published :

—

It seems strange that the dead-beat escapement should still hold its place in the

astronomical clock, when its geometrical transformation, the cylinder escapement

of the same inventor, Graham, only survives in Geneva watches of the cheaper class.

For better portable time-keepers it has been altered through the vicious rack-and-

pinion movement into the superlatively good detached lever. If it is possible to

make astronomical clocks go better than at present by merely giving them a better

escapement, it is quite certain that one on the same principle as the detached lever,

or as Earnshaw's ship-chronometer escapement, would improve their time-keeping.

But the irregularities hitherto tolerated in astronomical clocks may be due more

to the faultiness of the steel and mercury compensation pendulum, with its loosely

attached glass jar, and of the mode in which it is hung, and of the instability of

the supporting clock-case or framework, than to imperfection of the escapement

and the greatness of the arc of vibration which it requires ; therefore it would be

wrong to expect confidently much improvement in the time-keeping merely from

improvement of the escapement. I have therefore endeavoured to improve both

the compensation for change of temperature in the pendulum, and the mode of its

support, in a clock which I have recently made with an escapement on a new prin-

ciple, in which the simplicity of the dead-beat escapement of Graham is retained,

while its great defect, the stopping of the whole train of wheels by pressure of a

tooth upon a surface moving with the pendulum, is remedied.

Imagine the escapement-wheel of a common dead-beat clock to be mounted on a

collar fitting easily upon a shaft, instead of being rigidly attached to it. Let friction

be properly applied between the shaft and the collar, so that the wheel shall be

carried round by the shaft unless resisted by a force exceeding some small definite
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amount, and let a governor giving uniform motion be applied to the train of wheel-
work connected with this shaft, and so adjusted that, when the escapement-wheel
is um-esisted, it will move faster by a small percentage than it must move to keep
time properly. Now let the escapement-wheel, thus mounted and carried round,
act upon the escapement, just as it does in the ordinary clock. It will keep the
pendulum vibrating, and wiU, just as in the ordinary clock, be held back every
time it touches the escapement during the interval required to set it right again
from having gone too fast during the preceding interval of motion. But in the
ordinary clock the interval of rest is considerable, generally greater tlian the inter-

val of motion. In the new clock it is equal to a small fraction of the interval of
motion

—

^}o in the clock as now working, but to be i-educed probably to something
much smaller yet. The simplest appliance to count the turns of this escapement-
wheel (a worm, for instance, working upon a wheel with thirty teeth, carrying a
hand round, which will correspond to the seconds hand of the clock) completes the
instrument ; for minute- and hour-hands are a superfluity in an astronomical clock.

In various trials which I have made since the year 1865, when this plan of es-

capement first occurred to me, I have used several different forms, all answering to

the preceding description, although differing widely in their geometrical and me-
chanical characters. In all of them the escapement-wheel is reduced to a single

tooth or arm, to diminish as much as possible the moment of inertia of the mass
stopped by the pendulum. This arm revolves in the period of the pendulum (two
seconds for a seconds pendulum), or some multiple of it. Thus the pendu-
lum may execute many complete periods of vibration without being touched
by the escapement. In all my trials the pallets have been attached to the bottom
of the pendulum, projecting below it, in order that satisfactory action with a very
small arc of vibration (not more on each side than ^ j^^ of the radius, or 1 centi-

metre for the seconds pendulum) may be secured.

In the clock in my house the seconds pendulum of the fine movement vibrates with
great constancy through half a millimetre, that is to say, through an arc of ^i^ of the
radian on each side of the vertical. This, I believe, is the smallest range that has
hitherto been realized in any seconds pendulum of an astronomical or other clock.

In the drawing s represents the vertical

escapement-shaft, round which is fitted loosely

the coUar c, carrying the worm v. The
small wheel, d, is worked by v, and carries

round the seconds hand of the clock, a repre-

sents a piece of fine steel wire, being the single

arm to which the teeth of the escapement-
wheel are reduced in the clock described in

this paper
; pp the pallets attached to bars

projecting downwards from the bob, B, of the
pendulum

; /, a foot bearing the weight of the
collar-worm and escapement-tooth. The bar
connecting/ with the collar is of such a length
as to give a proper moment to the frictional

force by which the collar is carried round.
The shaft s carries a wheel, represented in

section by to w, "s^^hich is driven by a train of
wheel-work (not shown in the drawing) from
the governor. This wheel is made to go ^
per cent, faster than once round in two seconds,
while the pendulum prevents the cpllar from
going round more than once in two seconds.

My trials were rendered practicallj^ abortive
from 1865 until a few months ago by the
difficulty of obtaining a satisfactory governor
for the uniform motion of the escapement-
shaft ; this difficulty is quite overcome in the
pendulum governor, which I now proceed to
describe.
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Imagine a pendulum with single tootli escapement mounted on a collar loose on
the escapement-shaft just as described above, the shaft being vertical in this case
also. A square-threaded screw is cut on the upper quarter of the length of
the shaft, this being the part of it on which the escapement-collar works ; and a
pin fixed to the collar projects inwards to the furrow of the screw, so that, if the
collar IS turned relatively to the shaft, it will be carried along as the nut of a screw,
but with less friction than an ordinary nut. Below the screw and long nut-collar
three-quarters of the length of the escapement-shaft is surrounded by a tube which
by wheel-work is carried round about 5 per cent, faster than the central shaft.
This outer shaft, by means of friction produced by the pressure of proper springs,
carries the nut-collar round along with it, except when the escapement-tooth ia
stopped by either of the pallets attached to the peudidum. A stiff cross-piece
(like the head of a T), projecting each way from the top of the tubular shaft, carries,
tanging down from it, the governing masses of a centrifugal friction governor.
These masses are drawn towards the axis by springs, the inner ends of which are
acted on by the nut-collar, so that the higher or the lower the latter is in its range
the springs pull the masses inwards with less or more force. A fixed metal ring
coaxial -svith the main shaft holds the governing masses in when their centrifugal
forces exceed the forces of the springs, and resists the motion by forces of friction
increasing approximately in simple proportion to the excess of the speed above that
which just balances the forces of the springs. As long as the escapement-tooth
is imresisted the nut-collar is carried round with the quicker motion of the outer
tubular shaft, and so it screws iqnvards, diminishing the force of the springs. Once
every semiperiod of the pendulum it is held back by either pallet, and the nut-col-
lar screws down as much as it rose during the preceding interval of freedom, when
the action is regular; and the central or main escapement-shaft turns in the same
period as the tooth, being the period of the pendulum. If through increase or
diminution of the driving-power, or diminution or increase of the coefficient of
friction between the governing masses and the ring on which they press, the shaft
tends to turn faster or slower, the nut-collar works its way down or up the screw,
until the governor is again regulated, and gives the same speed in the altered cir-
cumstances. It is easy to arrange that a large amount of regulating power shall
be implied in a single turn of the nut-collar relatively to the central shaft, and yet
that the periodic application and removal of about yV of this amount in the half-
period of the pendulum shall cause but a very small periodic variation in the speed.
The latter important condition is secured by the great moment of inertia of the
governing masses themselves round the main shaft. My communication to the
Royal Society ended as follows :

—

"I hope after a few months trial to be able to present a satisfactory report of the
performance of the clock now completed according to the principles explained
above. As many of the details of execution may become modified after practical
trial, it is unnecessary that I should describe them minutely at present. Its general
appearance, and the arrangement of its characteristic parts, may be understood
from the photograph now laid before the Society."

I am sorry to say that the hope here expressed has not hitherto been realized.
Year after year passed producing only more or less of radical reform in various me-
chanical details of the governor and of the fine movement, until about six months
ago, when, for the first time, I had all except the pendulums in approximately
satisfactory condition. By that time I had discovered that my choice of zinc and
platinum for the temperature compensation and lead for the weight of the pendu-
lums was a rnistake. I had fallen into it about ten years ago through being in-
formed that in Kussia the gridiron pendulum had been reverted to because of the
difficulty of getting equality of temperature throughout the length of the pendu-
lum; and without stopping to perceive that the right way to deal with this diffi-

culty was to face it and take means of securing practical equality of temperature
throughout the length of the penduliun (which it is obvious may be done by
simple enough appliances), I devised a pendulum in which the compensation is

produced by a stiff tube of zinc and a platinum wire placed nearly parallel each to the
other throughout the length of the pendulum ; and the two pendulums of the clock
shown to the British Association were constructed on this plan. Now it is clear



52 REPORT—1876.

that the materials chosen for compensation should, of all those not otherwise oh-

jectionable, he those of greatest and of least expansibility. Therefore, certainly,

glass or platinum ought to be one of the materials ; and the steel of the ordinary

astronomical mercury pendulum is a mistake. Mercury ought to be the other (its

cubic expansion being six times the linear expansion of zinc), unless the capillary

uncertainty of the mercury surface lead to irregular changes in the rate of the pen-

dulum. I'he weight of the pendulum ought to be of material of the greatest spe-

cific gravity attainable, at all events unless the whole is to be mounted in an air-

tight case, because one of the chief errors of the best existing pendulums is that

depending on the variations of barometric pressm-e. The expense of platinum puts

it out of the question for the weight of the pendulum, even although the use of

mercmy for the temperature compensation did not also give mercury for the weight.

Thus even though as good compensation could be got by zinc and platinum as by
any other means, mercury ought, ou account of its superior specific gi-avity, to be

preferred to lead for the weight of the pendulum.

I have accordingly now made several pendulums (for tide-gauges) with no other

material in the mo\dng part than glass and mercuiy, with rounded Icnife-edges of

agate for the fixed support ; and I am on the point of making four more for two
new clocks which I am having made on the plan which forms the subject of this

communication. I have had no opportunity hitherto of testing the performance of

any of these pendulums ; but their .action seems very promising of good results,

and the only untoward circumstance which has hitherto appeared in connexion

with them has been breakages of the glass in two attempts to have one cairied

safely to Genoa for a tide-gauge made by Mr. White to an order for the Italian

Government.
As to the acciu'acy of my new clock, it is enough to look at the pendulum vi-

brating with perfect steadiness, from month to month, through a range of half a

centimetre on each side of its middle position, with its pallets onlj'' touched dm'ing

^Jg of the time by the escapement-tooth, to feel certain that, if the best ordinary

astronomical clock owes any of its irregidaiities to variations of range of its pen-
dulum, or to impulses and friction of its escapement-wheel, the new clock must,

when tried with an equally good pendulum, prove more regular. I hope soon to

have it tried vdth a better pendulum than that of any astronomical clock hitherto

made ; and if it then shows irregularities amounting to -fV of those of the best as-

tronomical clocks, the next step must be to inclose it in an air-tight case kept at

constant temperature, day and night, summer and winter.

(hi Mr, Sahine's Method of Measuring small Intervals of Time.

On Tidal Ojyerations in the Gulf of Catch hi/ the Great Trigonometrical Survey

of India. By Capt. A. W. Baird, B.E.

The primary object of the operations was to determine whether secular changes
in the level of the land at the head of the Gulf, i. e. the " Runn of Cutch," are
taking place. Col. Walker, the Superintendent of the Great Trigonometrical Survey
of India, at first intended to restrict the observations to a few weeks duration ; but
he found that by extending them to a period of a little over a year, scientific re-
sidts of the highest value would be obtained, and also that this course would be
necessary in order to obtain data sufiicient to detect minute changes in the relative

level of land and sea. I was deputed when in England in 1871 to study the details

of tidal observations and harmonic analj'sis as recommended by the British Asso-
ciation; at the same time I tested a new self-registering tide-gauge, the per-
formances of which were very satisfactory. The self-registering tide-gauges were
then described at length, the most remarkable feature in them being the unusually
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long barrels (length 5 feet), whicli were proTided in order to give the tidal curves
on the diagi'am on a very large scale. Six of these instruments had been sent out
to India some years before ; they were modified in Bombay, so as to be similar to

the new one which was tested at Chatham, and had scales of wheels put on for

adaptation to particular tides, friction-rollers for the barrel, zero-hnea for time and
height cut, &c. As the rise and fall of the tide is materially influenced by direction

and force of the wind, and also hj clianges in the barometer, self-registering anemo-
meters and barometers were procured for each tidal station. On my return to

India I was ordered to make a reconnaissance of the Gulf of Cutch, to select sites

for tidal stations. I cruised about for a month in a common native sailing-boat,

and after long searching along the muddy foreshores of the Gulf I found three

places well adapted for tidal observations—one right at the head of the Gulf, just

in the Runn of Cutch, called Haustal Tidal Station ; another midwaj^ up the Gulf
of the Cutch coast, called Nowanar ; and the third, Okha, just at the mouth of the

Gulf, opposite the island of Beyt. They were well situated for the purposes required,

as far as their geogi'aphical position ; but as one was at a point twenty miles from the

nearest village (from which drinking-water had to be brought by boat as well as

food for the men in charge), another station nine miles, and the third two miles

from the villages, the arrangements for the continuous working of the stations for

about a year and a half had to be most carefully made. I returned to Bombay and
got all the apparatus ready, such as iron cylinders in length (so as to be portable),

iron piping, suction-piping, anchors, and buoys, &e. for the deep-sea connexion,
temporary tide-gauges for comparison, portable observatories—in fact every thing,

even to bricks and lime for sinking the masonry well for holding the cylinders, for

nothing could be procured in the places selected for the stations. While in Bom-
bay I tested the working of the whole apparatus for each observatory, and made
many modifications fi'om time to time. I found that air would collect in the pipes,

which were in the shape of a long siphon, and thus cause differences of level in

the cylinder and the sea. I overcame this difiicult}' by inserting stopcocks at the
top bends, which were to be always below the lowest high-water ; and in this way
I was able to get the same level of the water inside the cylinder as in the open
sea. By frequent comparison with the temporary tide-gauges, the identity of level

was determined ; the size of the pipe connecting the cylinder had been calculated,

so that practically there would be no retardation in the flow of the water. The
native sub-surveyors, who were to be in charge of the stations, were also trained

in Bombay.
The observations and apparatus were then described at length, and several illus-

trations and diagrams showed the method of their working. In addition to the
self-registering anemometer and self-registering aneroid barometer, each observatory
was fitted out with a standard mercurial barometer (for comparisons) and a rain-

gauge. Three bench mark-stones in masonry platforms, at different distances from
the observatory, were built as standard points for the levels, and each carefully

connected with the zero of the self-registering tide-gauge. The whole of the appa-
ratus and instruments were sent ofl^ in a large native sailing-vessel direct to Okha,
the natives who were to be employed also going. I marched across Kattyanon to
Okha, having made some arrangements with the Political Agent at Rajkot as to the
help we should get from the native states. The construction of Okha tidal station

was then described, and many of the difficulties which were successfully overcome;
also the different methods of comparing position of pencil on diagram with the
height of water ; checks on the working of the instruments for insertion in the daily
reports submitted by the sub-surveyors. 1 detected a serious fault in the self-

registering tide-gauge, viz. that the instrument was by no means correct in the
time registration. I eventually devised a simple, plan which I called " back-lash
weight," which completely removed this cause of error : I am of opinion this plan
ought to be carried out in its entiretj^, and the barrel made to drive the clock in-

stead of the clock the barrel.

Just after all was ready, and the instruments being started at Okha, a great dis-

aster happened early one morning. A boat drifted dovm past the station, her anchor
dragged across the flexible pipe, smashed it, and carried oft" a large portion of it, as

well as buoys, anchoi-, &c. Here we had to land and to have the repairs quickly
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executed ; then the final measurements for determination of zero, rating of clocks,

& c. were made, and the instrments started on their eighteen months' work.

Leaving Okha, the vessel in which I and my men and all the apparatus were in

ran straio-ht on to a sandbank and nearly capsized. After many troubles, the other

two stations were eventually constructed. Huts had to be made for the men in

charo-e and the guard from the native state to live in, a regular service for sending

food and water established, and post-runners started to carry the daily reports to

the nearest post-office, and many other details arranged. I or my European as-

sistant had to make frequent tours of inspection of the stations while work was
going on, which entailed much hard marching and exposure. One journey (in May
1874) was described in which I and my assistant had to ride on camels over about

fourteen miles of the Runn, covered with water from 6 inches to a foot deep, in

order to reach Haustal Tidal Station. The working of the stations was then de-

scribed, Okha and Haustal giving perfect and continuous registration ; but at

Nowanar, where there was 20 feet of water at the end of the pipe at low-water in

April 1874, in the following July it silted up and buried the pipe, and the whole
configuration of the foreshore altered. New pipes had to be got up, and two
lunations (from March to May 1875) were secured, in addition to the one and half

lunation got before the shore had altered, in 1874. The registrations of the ane-

mograph and barograph were continuous also. The levelling operations (750 miles

of double levelling were done in connexion with the work) were next noticed ; the

rigid method of procedure which obtains in the Great Trigonometrical Survey of

India, and which give such wonderfully accurate results, was referred to (vide Col.

Walker's paper in vol. xxxiii. of the Memoirs of the Astron. Society).

The reductions of the tidal observations are in progi-ess, some idea of the magni-

tude of which may be imagined when 30,000 points have been con-ected to true

mean local time on the diagram-sheets, corrections made for zero error, and then

the 30,000 final measurements made and tabulated for reduction. The determina-

tion of the mean level of the sea at each station and some of the results already

deduced are stated : one is important, and that is, that the mean level deduced from

the two months (March 7 to May 7) is nearly identical with the mean of the whole
ear; and this Col. Walker had predicted would be the case in a letter on the subject

about eight years before. The meteorological reductions are in progress. The
movement of the wind for each hour for the whole period has been tabulated and
reduced to its N. and E. components, the mean hourly value determined ; and, by
combining the differences of this mean from the value of each particular hour, and
similarly the barometric differences with the differences of the theoretical and
actual values of the tide, I hope to determine far more accurately than has yet

been done the effect of the wind and barometer on the tide. Several tracings of

the actual diagrams were exhibited. The tidal curves are most regular and con-

tinuous, and show the perfect working of the whole apparatus ; and when the tidal

and meteorological reductions are complete, I hope to obtain some very valuable

results.

Physical Explanation of the Mackerel Shy.

By Sir W. Thomson, D.C.L., F.B.S.

On navigational Deep-sea Soundings in a Ship moving at High Speed.

By Sir W. Thomson, D.C.L., F.R.S.
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CHEMISTET.

Address by "William Henet Peekin, F.R.S., President of the Section.

Thkbe can be no doubt that chemistry and the allied sciences are now being re-

cognized to a much greater extent in this country than in former years ; and not
only so, the workers at research, though still small in number, are more numerous
than they were.

In 1868 Dr. Frankland, in his Address to this Section at the Meeting at Norwich,
commented upon the small amount of original research then being carried on in the
United Kingdom ; but, judging from the statistics of the Chemical Society, this

state of things became even worse ; for in 1868 there were forty-eight papers read
before the Society, but in 1872 only twenty-two. Since then, however, there has
been a considerable increase in the number ; and at the Anniversary Meeting in

March last it was shown that the number of communications for the session had
risen to sixty-six, or three times as many as in 1872.

Of course these figures only refer to the Chemical Society ; but I think they may
be taken as a very safe criterion of the improved state of things, though it would
be very gratifying to see much gi-eater activity.

It is also very pleasing to find that the aids to and opportunities for research are

increasing, because it must be remembered that, in a pecimiary sense, science is

far from being its own rewarder at the time its truths are being studied, although
the results very often become eventually of the greatest practical value ; hence the
wisdom of a country encouraging scientific research.

But little, however, has been done in this direction in past years—the grants

made for general science by this Association, and that of the Government of one
thousand pounds annually to the Royal Society, being the most important.

The Chemical Societj' has also been in the habit of giving small grants for the

purpose of assisting those engaged in chemical research. In the future, however, it

will be able to do much more than hitherto. One of the original members of the

Society, Dr.LongstafF, offered intheearlypart of the year to give one thousand pounds
provided a similar sum could be raised, the united amount to be invested and the

interest applied for the encouragement of research. I am happy to say that rather

more than the required sum has been raised, and it is hoped that it may be still

fm'ther supplemented.
In addition to the Royal-Society grant, the Government have given this year a

further annual sum of four thousand pounds. Of com'se this is for science gene-
rally.

Mr. T. J. Phillips Jodi-eU has also placed at the disposal of the Royal Society

the munificent sum of six thousand pounds to be applied in any manner that they

may consider for the time being most conducive to the encouragement of research

in Physical sciences.

When we consider how much of our science is of a physical nature, we must be

grateful for this bequest ; and it is to be hoped tliat these helps will more and more
stimulate research in the United Kingdom ; and if we have any hope of keeping pace
with the large amount of work now being carried on in other countries, we must
indeed be energetic.

The employment of well-trained chemists in chemical works is now becoming
much more general than heretofore, especially on the continent, where in some
cases a considerable staff is employed and provided with suitable appliances, &c.,

for the purpose not only of attending to and perfecting the ordinary operations

which are in use, but to make investigations in relation to the class of manufacture

they are engaged in. A conviction of the necessity of this is gaining strength in

this country, though not so quickly as might be desired ; nevertheless these things

ai'e encouraging.

With reference to the progress of chemistry and what have been the fi'uits of re-

search of late years, it will be impossible for me to give even a general outline,

the amount of work being so large ; in fact, to recount the list of investigations

made during the past year would take up most of the time at my disposal.
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Amongst the most interesting, perhaps, are those relating to isomerism, especially

in the aromatic series of organic bodies ; and it is probable that a more intimate

knowledge of this subject will be found of really practical value.

As I am unable to give an account of the worK done during the past year on

account of its quantity and diversity, I propose to refer to some of the practical results

which have already accrued from Org-anic Chemistry, as a plea for the encourage-

ment of research ; and those I intend to speak of are of special interest also on
account of their close connexion with the textile manufactures of Great Britain. I

need scarcely say I refer to the colouring-matters which have been obtained from
the products found in tar.

It was in 1856, now twenty years since, that this industry was commenced by
the discovery of the "mauve" or "aniline pm-ple;" and it may be of interest to

state that it was in Scotland, in the autumn of the same year, that the first experi-

ments upon the application of this dye to the arts of dj'eing and calico-printing

were made, at Perth and Maryhill.

I need scarcely remind you of the wonderful development of this industry since

then, seeing we now have from the same source colourmg-matters capable of pro-

ducing not only all the colours of the rainbow, but their combinations. I wish,

however, to brieily refer to the date and origin of the products which have
served to build tip this great industrj\

It was in 1825 that Faraday published in the ' Philosophical Transactions ' hia

research on the oily products separated in compressing oil-gas, and described a

substance he obtained from it^a volatile colourless oil, which he called Bicar-

buretted Hydrogen. Mitscherlich some years afterwards obtained the same sub-
stance from benzoic acid, and gave it the name it bears, viz. " Benzol." This same
chemist further obtained from benzol nitrobenzol, by acting upon it with nitric

acid. Zinin afterwards studied the action of reducing agents upon nitrobenzol, and
obtained "aniline," which he at that time called Benzidam.

Again, Pelletier and Walter discovered the hydrocarbon toluol in 1837. Deville
produced its uitro-compound in 1841 ; and Hofmann and Muspratt obtained from
this "toluidine," by the process used by Zinin to reduce nitrobenzol.

I might mention other names in connexion with these substances, such as Eunge
and Unverdorben ; but I would now ask, did any of these chemists make these
investigations with the hope of gain ? was it not rather ti-om the love of research,

and that alone ? and now these products, which were then practically useless, are
the basis of the aniline colours. But to go further : Doebereiner a long while ago
obtained from alcohol a substance which he called "light oxygen ether," now
known as aldehyd. Gay-Lussac produced iodide of ethyl in 1815. Dumas and
Peligot discovered the corresponding substance iodide of methyl in 1835 ; but, aa

in the cases I have previously referred to, these bodies had no practical value and
were never prepared but in the laboratory. Hofmann, in his researches on the
molecular constitution of the volatile organic bases, discovered in 1850 the
replacement compounds of aniline containing alcohol radicals.

All these compounds have now been manufactured on the large scale and used
in the further development of the industry of these artificial colouring-matters.

Other substances might be mentioned ; but I think these are sufficient to show
how the products of research which, when first discovered and for a long period
afterwards, were of only scientific interest, at last became of great practical value

;

and it is evident that, liad not the investigations and discoveries I have referred to

been made as they were solely from a love of science, no aniline colours would
now be known.
The colouring-matters I have hitherto spoken of are nitrogenous, and derived

from benzol and its homologues. There are a few others, however, of the same
origin which contain no nitrogen ; but they are of secondary importance.

I now pass on to another class of colouring-matter, which is obtained from
anthracene, a coal-tar product diflering from benzol and toluol in physical cha-
racters, inasmuch as it is a magnificent crystalline solid.

The first colouring-matter derived from anthracene which I wish to draw your
attention to is alizarin, the principal dyeing agent found in madder-root. This
substance was for a long time supposed to be related to naphthaline, inasmuch as
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phthalic acid can be produced from botli of them ; and many were the experiments

made by chemists in this direction ; it was not, however, until 1808 that this was
proved to be a mistake, and its relationship to anthracene was discovered by Graebe
and Liebermann, who succeeded in preparing this coal-tar product from the natural

alizarin itself.

Having obtained this important result, they turned their attention further to the

subject, hoping to find some process by which alizarin could be produced from
anthracene ; in this they were soon successful.

The discovery of the artificial formation of alizarin was of great interest, inas-

much as it was another of those instances which have of late years become so

numerous, namely the formation of a vegetable product artificially ; but the process

used by Graebe and Liebermann was of little practical value, because too expensive
for practical purposes.

Ha-^ing previously worked on anthracene derivatives, it occurred to me to make
some experiments on this subject, which resulted in the discovery of a process by
which the colouring-matter could be economically produced on the large scale

:

Messrs. Caro, Graebe, and Liebermann about the same time obtained similar

results in Germany ; this was in 18G9. Fm-ther investigation during that year
yielded me a new process, by which " dichloranthracene '' could be used in

place of the more costly product anthraquinone, which was required by the

original processes. I mention this, as most of the artificial alizarin used in this

country up to the end of 1873, and a good deal since, has been prepared by this

new process.

It was observed that when commercial artificial alizarin prepared from anthra-
quinone, but more especially from dichloranthracene, was used for dyeing, the
colours produced difl:ered from those dyed with madder or pure alizarin ; and many
persons therefore concluded that the artificial colouring-matter was not alizarin at all.

This question, however, was set at rest by separating out the pure artificial alizarin

from the commercial product and compaiing it with the natural alizarin, when it

was found to produce exactly the same colours on mordanted iiibrics, to have the
same composition, to give the same reactions with reagents, and to yield the same
products on oxidation.

But whilst examming into this subject it was foimd that a second colouring-matter
was present in the commercial product, and in somewhat large quantities, especially

when dichloranthracene had been employed in its preparation ; and to this was due
the difierence in shade of colour referred to.

This substance, when investigated, was found to have the same composition as

"purpurin," also a colouring-matter found in madder, but of very little value on
account of the looseness and dulness of some of the colom-s it produces. This new
substance, being derived from anthracene, was named anthrapurpurin ; unlike its

isomer pm-purin, however, it is of great value as a coloming-matter. I do not
think I shall be going beyond the results of experience if I say it is of as great

importance as alizarin itself; with alumina mordants it produces reds of a more
scarlet or fiery red than those from alizarin. In fact so fine are the colours

produced that, with ordinary alumina-mordants on unoiled cotton, it gives results

nearly equal in brilliancy to Tm-key-red produced with madder or garancine ; and
I believe the rapid success of artificial alizarin was gi-eatlj^ due to its presence.

Most of that consumed at first was for Turkey-red dyeing ; and the coloiu'S were so

clear that it was mostly used in combination with madder or garancine, to brighten

up the colom-s produced b}' these natural products.

The pm-ple colours anthrapiu'purin produces with iron mordants are bluer in

shade than those of alizai-in, and the blacks are very intense. Its application is

practically the same as alizarin, so that they can be used in combination.

As already noticed, the commercial product called "artificial alizarin " first

supplied to the consumer was always a mixture of alizarin and anthrapurpurin

;

and various mixtures of these two colouring-matters are still sent into the market

;

but, owing to the investigations that have been made and the study and attention

that has been given to it by manufacturers, nearly pure alizarin and anthi-apurpurin
are also sent into the market—the first being known as " blue-shade alizarin," and
the second as red or " scarlet alizarin."

1876. 5
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The formation of antlirapurpurin in tlie manufacture of alizarin may to some
extent te said to have arisen from a want of knowledge of the true conditions
required for the production of the latter.

It is now well known that alizarin is a dioxyanthraquinone, or, in other words,
anthraquinone in which two atoms of hydrogen are replaced by hydroxyl.

CuH,0, C,,H3(HO),o/
^^-^ ^

^., '

Anthraquinbne. Alizarin.

If we want to introduce hydroxyl into a compoimd, there are several processes
which can be used ; but I will only refer to those connected with the history of
this colouring-matter.

The first process which I will refer to has been used by chemists for a long
period. It consists in first replacing the hydrogen by bromine, and then treating
the resulting body with potassic or other metallic hydrate ; and according as one,
two, or more atoms of hydrogen have been replaced by the bromine, so on
its removal by the metal of the metallic hydi-ate, a compound containing a corre-
sponding number of atoms of hydrogen replaced by hydroxyl is obtained.

Graebe and Liebermann acted upon this principle in their experiments on the
artificial formation of alizarin ; and as it was necessary to replace two atoms
of hydrogen in anthraquinone, they first of all prepared a dibrominated derivative,
called dibromanthraquinone,

C,,H,Br,0,.

By decomposing this with potassic hydrate at a high temperature, they obtained a
violet-coloured product, which, when acidified to remove the alkali, gave a yellow
precipitate of alizarin,

C,,He(HO),0,.

The second process I wish to speak of for the replacement of hydrogen by hydroxvl
in a compound is by converting it into a sulpho-acid (usually by means of sulphunc
acid), and subsequently decomposing this with potassic or other hydrate ; and
according as a mono- or disulpho-acid is employed, it yields on decomposition a
compound with one or two atoms of hydrogeji replaced by hydroxyl.
The discovery of sulpho-acids of anthraquinone, and their use in place of the

brominated derivative originally employed by Graebe and Liebermann, constituted
the great improvement in the manufacture of alizarin already referred to.

From what has just been stated, it was naturally supposed that a disulpho-
acid of anthraquinone would be required to produce alizarin ; and this was believed
to be the case for some time

; but further experiments have proved it to be a
mistake, and shown that the monosulpho-acid is requhed to produce alizarin, the
disulpho-acid yielding anthrapurpurin.

But how are we to explain this apparent anomaly ? It would take up too much
time to enter into a discussion respecting the constitution of the sulpho-acids of
anthraquinone in reference to the position of the HSO3 groups. I will therefore
confine my remarks to their decomposition.

Monosulphoanthraquinonic acid,

C,,H,(IIS03)0„

when heated strongly with caustic alkali, as potassic or sodie hydi-ate, decomposes
in the ordinary way, and we get "monoxyanthraquinone,"

0,JI,(HO)0„

which is a yellow body possessing no dyeing properties. On further treating this,

however, with caustic alkali it changes, being oxidized, and yields alizarin,

Disulphoanthraquinonic acid,

C,,H,(HS03)0„

when subjected to the influence of caustic alkali, at first changes into an intermediate
acid,

C,.H,(H0)(HS03)0„
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and then into a dioxyanthraqiiinone,

C,,He(HO),0„

now known as " isoanthraflavic acid"—a substance having the same compositioa
as alizarin, but being only an isomer of that body and possessing no affinity for
mordants ; like monoxyanthraquiuone, however, when further heated with alkali
it becomes oxidized and yields a colouring-matter, which is " anthrapm-pm-in,"

Ci,Hg (110)3 O,.

Looking at these reactions, it appears rather remarkable that Graebe and
Liebermann should have succeeded in preparing alizarin from dibromanthraquinone.
It can only be explained on the assumption that the hydrogen atoms replaced in the
disulpho-acidare different in position from those replaced in the dibromanthraquinone;
and of course it is possible that a disulpho-acid isomeric with that now known may
be discovered that will yield alizarin as a first product on treatment with alkali.

In the reaction which takes place when monoxyanthraquinone or isoanthraflavic
acid become oxidized and change into alizarin and anthrapurpurin nascent hydrogen
is formed ; and this causes a reverse action to take place—ordinary anthraquinone,
or its hydrogen derivative, being formed, and a loss of colouring-matter resulting.

A small amount of potassic chlorate is now used with the caustic alkali, just suffi-

cient to overcome the reducing action, which has resulted in an increased yield of
colouring-matter, the percentage obtained being now not very much below the
theoretical quantity.

When the process for making commercial artificial alizarin by treating anthra-
quinone with sulphuric acid was first adopted, the product from that treatment was
a mixture of the mono- and disulpho-acids of anthraquinone. Consequently the
colouring-matter prepared in this manner was a mixture of alizarin and anthrapur-
purin ; and the reason why dichloranthracene, when used in place of anthraquinone,
yields a product very rich in anthrapurpurin, is on account of the readiness with
which it forms a disulpho-acid of dichloranthracene, which afterwards changes into
the disulpho-acid of anthraquinone.

At first it was supposed by many that the quantity of coal-tar produced would
not yield a sufficient supply of anthracene for the manufacture of artificial alizarin.

Experience has, however, proved that this supposition was groundless, as now the
supply is greater than the demand.
Moreover some very interesting experiments have lately been made, by which

anthraquinone and its deiivatives have been obtained without the use of anthracene.
The most interesting are those in which phthalic anhydride is employed with
benzolic derivatives; for example, this anhydride gives with hydroquinone a
colouring-matter having the same composition, as well as most of the other
properties of alizarin. It is called quinizarin. Baeyer and Caro have also obtained
from phthalic anhydride and phenol oxyanthraquinone ; and by using pyrocatechin
in place of phenol they got alizarin itself.

Although these products have not been obtained in sufficient quantities by
these processes to be of any practical value, we do not know what further researcli

may do. Already one of the substances used is being prepared on the large scale for

the manufacture of that beautiful colouring-matter "eosine;" I refer to phthalic
anhydride.

Now, with reference to the origin of the products which are used for the manvi-
facture of artificial alizarin, we find the first researches made in reference to
anthracene were by Dumas and Laurent in 1832 ; subsequently Laurent further
worked upon this subject, and obtained, by the oxidation of this hydrocarbon, a
substance which he called anthracenuse ; he also obtained dichloranthracene. Dr.
Anderson also made an investigation on anthracene and its compounds in 1863, and
assigned to it its correct formula ; he reexamined its oxidation-product, which
Laurent called anthracenuse, and named it oxyanthracene, the substance we now
know as anthraquinone.

All tiiese substances were without any practical value until 18G8 ; but we now
find them of the greatest importance, and used daily in immense quantities.

But to bring out more clearly the practical importance of these fruits of scientific
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research, it will be well perhaps to see what has been their influence on the colour-

ing-matters which were in use before them, and also the extent of their present

consumption.
The influence of the so-called aniline colours on dye woods, &c. has been

remarkably small. It is true that at first mag-enta had a depreciating influence

upon cochineal ; but this has passed away, and now the consumption of that dye
is as great as ever ; certainly its price is much lower than it used to be ; but this is

due to a variety of causes, especially the great increase in the cultivation of the

insect at Teneriffe. And perliaps this want of influence is not so very remarkable,

when we consider the aniline colours are entirely new products, diSering in com-
position and properties from the old coloming-matters, and therefore could only

displace them to a certain extent.

But whilst this is the case, the aniline colours have been more and more used,

imtil at present it is computed that their annual sale in the United Kingdom and
on the Continent exceeds £2,000,000. This is probably due to new applications

and increase of trade.

When, however, we come to consider the influence of the anthracene colom'S

alizarin and authrapurpurin, more generally known as " artificial alizarin,'" we find

we have a very different tale to tell.

Here, in the case of alizarin, we have a competition not between two colouring-

matters, but the same from different sources—the old source being the madder-
root, the new one coal-tar. And when we introduce the consideration of authra-

purpurin, which produces such magnificent reds, much brighter than alizarin or

ordinary purpurin, we see we have not only a replacement but an improvement,
so that these new colouring-matters throw "the old ones into the shade. The pro-

ducts being purer, the clearing processes for goods dyed with them are also

necessarily easier and simpler.

It will be interesting to examine into the statistics of the madder and garancin

trade in a brief manner, to see what has been the iuffuence of artificial alizarin on
their consumption. The following figures are mostly calculated from the Board-of-

Trade returns.

During the ten years immediately preceding the introduction of artificial alizarin

the average annual imports of madder into the United Kingdom were 15,292 tons,

and of garancin 2278 tons. Estimating the value of the former at £2 2s. Qd., and
the latter at £8 per cwt., which were about the average prices during tliat period,

the annual value in round numbers was about one million sterling.

The introduction of artificial alizarin, however, has so influenced the value of

madder that its price is now less than one half; and thus a saving of over half a

million sterling per annum lias been effected to the manufacturers of the United
Kingdom, one half of which may be put down to Glasgow.

So much for its eflfect in reducing prices ; but what has been its influence on the

consumption of these dj'e-stuft's ?

I have already stated the average quantity of these substances imported per
annum prior to the discovery of the artificial product, and will now compare it

with the imports of last year and this. That for the present year of course will be
an estimated quantity, and calculated from the returns for the first seven months.

Average annual imports.

1859-1868. 1875. 1876.

tons. tons. tons.

Madder 15,292 5014 3653
Garancin 2,278 1293 813

These figures speak for themselves.

The money value, which was formerly £1,000,000 per annum, is now, cal-

culating from the estimated quantity for the year, only £138,105, say £140,000,
taking garancin at £4 per cwt. and madder at £1 per cwt., prices slightly in

excess of their present value.

At the present prices the cultivation of madder-roots is unremunerati^'e ; and
it is to be expected that madder-growing will soon be a thing of the past, thousands
of acres of land being at the same time liberated for the growth of those products
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we canuot produce artificiallj^, and without which we cannot exist. The quantity
of madder grown in all the madder-growing countries of the world prior to 1868
was estimated te be 70,000 tons per annum ; and at the present time the artificial

colour is manufactured to an extent equivalent to 50,000 tons, or more than two
thirds of the qiumtity grown when its cultivation had reached its highest point.

I might have referred to other subjects besides the coal-tar colours which have
resulted from scientific research ; but I know of no otlier of such interest and
magnitude. From the brief history I have given, we see that the origin of these
colouriug-matters is entirel}' the fruit of many researches made quite independently
by different chemists, who worked at them without any knowledge of their futm-e

importance ; and on looking at the researches which have thus culminated in this

industry, it is interesting to notice that many, if not most of them, were conducted
for the purpose of elucidating some theoretical point.

These facts certainly ought to be a great encouragement to chemists, and stimu-
late them to greater activity. It woiUd be very pleasing to see more work ema-
nating from the chemical schools of the United Kingdom ; and I think no student
should consider his chemical curriculum finished until he has conducted an original

research. The knowledge obtained by a general course of instruction is of course

of very great value ; but a good deal of it is earned on by rule. In research, how-
ever, we have to depend upon the exercise of our judgment, and, in fact, of all our
faculties ; and a student having conducted even one, under the guidance of an
efficient director, will find that he has acquired an amount of experience and
knowledge which will be of the greatest value to him afterwards.

It is hoped these remarks will encourage young chemists to patiently and
earnestly work at whatever subject they may undertake, knowing that their results,

although sometimes apparently only of small interest, may contain the germ of
something of gi-eat scientific or practical importance, or may, like a keystone in

an arch, complete some subject which before was fragmentary and useless.

On a Safe and Rapid Evaporating-]}an. By P. H. T. Allan.

In the course of various chemical manufactui-es there is sometimes met the diffi-

culty of products and apparatus being injured or destroyed in the process of rapid

evaporation by the salts settling to the bottom of the pan, and there becoming a
solid mass. This pan is intended as an effort to overcome that difficulty.

Besides attempting to compass the evaporation of the leys or other fluids safe

from the danger of deposition upon the heating-surface, it also provides for the
rapid evaporation of the fluids, with confimwus action in the pan, and the readi/

removal of the solids when formed. To attain these several ends, the form to be de-

scribed has been found necessaiy. The pan may be made of boiler-plate, and .about

30 feet long, by 10 feet broad, and 9 feet high. The heating-surface is supplied by
two flues of a V-shape carried through the fluid from one end of the pan to the
other. Tlie acutest angle of the V is downward, and within 2 feet of the bottom
of the pan. This form of heat-source whilst raising the temperature to boiling-

point and effectually keeping it there, offers no resting-place for descending particles

;

and consequently the salts on separating fall to the bottom of the pan and there

accumulate. Now the apparatus is so an-anged that the bottom slopes in one or

more directions ; the salts gather in the deepest parts, and suitable outlets that may
be closed at pleasure being provided in the sides, they gi-avitate outwards into

proper receptacles. Care must be taken that sufficient solids are left in to occupy
the outlets, and the passage of fluids thereby prevented.

The upper part of the X -shaped flue is covered in its whole length and breadth

by an air-chamber of iron fitted with pipes or other arrangement passing into the

liquid, whereby the air heated from the waste heat of the flue is forced into the

boiling liquid, and there materially increases the rapidity of the evaporation.

For the purpose of utilizing any heat that may escape from the air-chamber a
small pan occupies its upper surface. On this subsidiary pan the liquid may be
boiled to nearly saltintj-point. and then allowed to flow into the salting-down pan,

1870.
^ '
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the smaller one being replenished with weak liquor. A limited supply of air may
be introduced into the second pan, and evaporation proceeds very rapidly.

The liquor in the pans need never lose its level, because, as salts pass from below
and steam from above continuously, it is continuously replaced by liquor flowing in

;

the air-pipes may therefore be only two or three inches below the surface of the fluid.

The pressure thus being not great, an ordinary fan will be sufiicient to force the air

through for evaporation.

On Sewage Purification and Utilization. By J. Banks.

On a new Voltaic Battery. By H. W. Biggs.

On the Action of Pentacliloricle of Phosj^horus on Turpentine,

By Prof. Ceum Beown.

Note on Anthracene-testing. By Jas. T. Bkoavn.

In the earlier days of anthracene manufacture, when it was obtained solely from
the last runnings of oil, and when the distillation was stopped comparatively early

for the double reason of saving the bottoms of the stills and producing a good
marketable pitch, the principal solid impurities were naphthalene, phenanthrene,
and paraffin. With samples of this description the method of testing by agitation,

after washing with petroleum spirit, with a limited quantity of bisulphide of carbon
gives approximate and practically useful results. When, however, the demand for

anthracene inci-eased, the tar-distillers found it more advantageous to carr}' on the
distillation as far as possible, only stopping just before the point at which coking
conmienced. This method of working gives an entirely difl'erent variety of crude
anthracene, viz. one in which the principal solid impurities have higher boiling-

points than anthracene. These bisulphide of carbon fails to remove ; that test

therefore, with these samples, ceases to give true indications of their commercial
value. To correct this the authrakinone test was introduced, and was, judging fi'om

the terms in which it was proposed, looked upon as applicable to all commercial
anthracenes. The appendix to the paper soon followed, and showed that experience

had not confirmed those anticipations ; and now the kinone produced requires to be
tested as to its purity, as the result is by no means deflnite. In applying the kinone
test to commercial samples various minor difficulties occur, one of which is that

damp samples of anthracene are apt to lose moisture during the time that is occu-
pied in reducing them to a sufficient degi-ee of fineness to Jillow the small quantity

of I gramme to be a correct sample of the bulk ; and another and more serious one
is the uncertainty caused by the occasional occurrence of accidental impurities in

the quantity weighed out. To remedy these defects and facilitate the testing, the
author proposes the following modification :

—

W^eigh out 50 grammes of the crude anthracene, and measm'e out 250 cubic

centims. of petroleum spirit; triturate the anthracene in a mortar with a sufficient

quantity of the spirit to form a thin cream, and pour it on a weighed filter (taking

care at the same time to leave in the mortar any grit or sand which may be present)
;

rinse on to the filter any anthracene which may be round the sides of the mortar,

and employ the remainder of the spirit in washing the filter and its contents.

Allow it to drain, then fold it carefully, press between bibulous paper, dry at about
(50°-80° C, and weigh. Crush to a fine powder the contents of the filter, and from
that quantity weigh out the gramme required for the kinone test; then proceed in

the usual manner. In calculating the result allowance must of course be made for

the diminution in weight caused by washing the crude sample with petroleum
spirit.

The method proposed in the foregoing short note does not claim for itself theo-

retica accuracy, but it claims the following advantages :

—

^
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Ist. It affords a ready method of detecting and separating extraneous matter,
such as gi'it, sand, shreds of canvas, or splinters of wood, all of which are liable to

occur even in good anthracene.

2nd. The preliminary washing produces a dry powder of perfect uniformity, from
which it is easy to weigh out a small quantity.

3rd. The preliminary washing removes, beside others, the greater part of two
important impurities, one of which, viz. paraffin, defies the kinone test, and the
other, viz. phenauthrene, is not, if present in large quantities, completely oxidized
under a considerable time.

4th. By removing a large proportion of the impurity beforehand the oxidation
proceeds more quietly, and the kinone obtained is more crj'stalline and freer from
chromium compounds.

On some Instruments used in the ' ChallengerJ By J. Y. Buchanan.

On Ammonia Seleniocyanide. By Dr. Cameron.

On a Gas-condensing Machine for the Liquefaction of Gases by combined cold

and pressure, recently employed in the manufacture of Volatile Liquid Hy-
drocarbons. By J. S. Coleman, F. G.S.

This paper gives a resume of the author's paper on the effects of pressure and
cold upon the gaseous products of the distillation of shales^ read to the Chemical
Society, September 1875.

It then enters into certain thermodynamical questions relating to the best method
of obtaining cold from a compressed gas, so as to utilize the cold produced in ex-
pansion, to supplement the effect produced by simple pressure.

It then describes the engineering arrangements finally adopted for dealing with
250,000 feet of gas daily at the works of Messrs. Young & Co., on the principle of
the drawing exhibited. The diagrams used were enlargements of the actual draw-
ings of the machine as erected, and showed all the precautions found necessary
in actual construction. The working of the machine, which gives, as a maximum,
2000 gallons per week, during the last thi'ee months was described, and samples
of the product exhibited burning in Laidlaw's air-gas apparatus.

Experimental Eesearches on the Chemical Treatment of Town Excretion,

By J. S. Coleman, F.CS.

On the Transformation of Chinoline into Aniline. By Prof. Dewae, F.E.S.E,

On the Proximate Analysis of Coal-Gas.—Remarks on JRehouVs Paper on
Pyro-Turtaric Acid. By W. Dittmak.

Oh an Apparatus for the Analysis of Impurities in the Atmosphere.

By E. M. Dixon.

On Fire-Briclc. By J. Dtjnnachie.

On White-Lead. By A. Fergusson.

6*
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On the Phi/siologiml Action of Pyro-, Meta-, and Ortho-phosphoric Acids.

By Prof. Gamgee, F.B.S.

On the Influence of the Condition and Quantity of the Negative Element on the

Action of the Copper-Zinc Couple. By Professor Gladstone, F.B.S.

On Solid Water. By Prof. Gutheie, F.B.S.

On the Critical Point of Liquid Carbonic Acid in Minerals.

ByW. JST. Hartley.

The History of Copper-extraction by the Wet Way.
By William Hendeeson.

In this paper the author related the history of the introduction of these processes

and their establishment in this country and abroad ; he described the various stages

of the manufacture of Spanish cupreous pyrites by his processes ; he also described

and illustrated by specimens the recent modifications introduced for improving the

quality of the copper, and at the same time separating the small quantity of lead,

eilver, and gold always present in Spanish pyrites.

On the Purification of the Clyde. By Col. Hope, V.C.

On the Limited Oxidation of Terpenes.—Part IV.*

By Charles T. Kingzett, F.C.S.

In this part of his researches the author has more particularly inquired into

the phenomena attendant upon the atmospheric oxidation of turpentine in the pre-

sence of water.' These phenomena may be staled as:

—

(ff) Increase of the specific gravity of the oil as the oxidation proceeds.

(h) Gradual increase in the amount of peroxide of hydrogen produced, or the rate

at which it forms.

(c) Gradual heightening of the boiling-point of the oil as it oxidizes.

The oxidation, which takes place slowly at first, proceeds very actively after-

wards, and the oil thus under treatment is capable of inducing fresh turpentine,

which may be added to undergo oxidation at the same rate from the moment of

contact.

The oxidized oil evolves large quantities of oxygen on heating to near 160° C,
and this oxygen is doubtless derived from camphoric peroxide. To the same sub-
stance the author assumes to be due the camphoric acid and peroxide of hydrogen
found in the aqueous solution that results from its decomposition with water.

There are contained also in the watery solution obtained when turpentine is

atmospherically oxidized in the presence of water, acetic acid, camphor, &c. Thus
a solution obtained in one experiment upon several gallons of tm-pentine contained
323 grains of peroxide of hydrogen and 3G7 grains of camphoric and acetic acids.

The amount of peroxide of hydrogen produced is simply limited by the amount of
turpentine oxidized, and can be regulated at will.

This aqueous solution the author has proved to possess most powerful characters

as an antiseptic and disinfectant, and continued investigations have shown these
characters to be possessed by the individual constituents of the solution, viz. cam-

* Printed in extenso in Ohem. News, vol. xxxiv. pp. 127 & 135, and in Pharm. Jouru.
Sept. 23, 1876.
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Elioric acid, peroxide of hydrogen, &c. lu the last part of his research the author

as resumed the thread of his researches previously published, and found that

menthene (C,o Hjg), whether derived from solid or liquid Japan camphor (by the

action of ZnCU), produces, on atmospheric oxidation, among other bodies peroxide

of hydrogen, acetic and formic acids, &c. Now Wright (Jouru. Chem. Soc. ser. 2,

vol. xiv. p. 2) has obtained from menthene, by the action of bromine, cymene ; and

so the conclusion stated in the author's previous papers that all hydrocarbons con-

taining cymene as a proximate nucleus give peroxide of hydrogen on oxidation is

confirmed.

Wright has also failed to obtain cymene (0^ B.^^) from clove terpene (C^. H.J,
a result in accordance with the author's observ^ations previously made to the same

effect.

The author has submitted the ethers also to atmospheric oxidation, and in this

way results have been obtained which are of the greatest interest and importance.

Ethylic ether n^S4 absorbs oxygen even in the cold, but more readily in sun-

shine, and gives rise in the presence of water to peroxide of hydrogen, which may
result from reactions represented by the following equations :

—

(1)
g.^H=jo+0,=g^g3O[0+H,0,

(2) g:g:''[o+03=g^;g30}o,-fH,o,

(3) g^-g3j;[ 0,+2H,0= C^g30| 0+C.H3OI o+H,0,;

or (3) may be written thus :

—

CH,GOOI ,HHOI CH3COOHI ,HOI
CH3C0 0f +HHOf -CH3C00Hf ^HOf

That is to say, the ether may, in the first place, become acetic ether and eliminate

water ; secondly, the acetic e'ther may become anhydride, and the latter may be

finally converted into peroxide. This" peroxide, being unstable in the presence of

water, splits up into acetic acid and peroxide of hydrogen.

These results are confirmed by the fact that Brodie discovered acetic peroxide

by acting on acetic anhydride with baric dioxide.
"

These equations are, moreover, exactly parallel with those indicated by the author

as representing the production of hydric peroxide from turpentine, and it is to their

substantiation that his eftbrts in the future will be directed. Meanwhile he claims

that they experimentally demonstrate clearly for the first time the existence of the

radical hydroxyl in combination ; and, in short, the production of peroxide of

hydrogen in the way described amounts to the isolation of hydroxyl in combination

with itself.

On two new Hijclrocarhons from Turpentine. By A. C. Letts.

On Soda Manufacture. By J. Macteak.

On the possible Genesis of the Chemical Elements out of a Homorjeneous Cosmic

Gas or Common Vapour of Matter. By Dr. Macvicak, F.R.S.E.

On Essential Oil of Sage.—Vaxt I.* By M. M. Pattison Mtjib, F.R.S.E.

a yellow-brown colour, without any shade of green, a st

lot burning taste. Its reaction is neutral. Sage-oil dc

* PuWished in the Year-book of Pharmacy, 1876, p. 560.
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iany solid matter nor resin after standing for some months exposed to air ; neither

does its reaction alter. The oil rapidly absorbs oxygen from air. It is most ener-

getically acted upon by strong nitric acid, also by sulphuric acid, which appears to

polymerize some of the constituents of the oil. Hydrochloric acid gas produces one

or perhaps two liquids, but no solid chlorhydrates ; these are scarcely, if at all, de-

composed by prolonged ag itatation with warm water. The specilic gi-avity of sage-

oil is 09339 at 14° C. After prolonged fractionation the oil splits up into four main
portions—two liquids, almost certainly terpenes, boiling respectively at 157° and at

167" C. ; a liquid, probably containing oxygen, boiling at 198°-203°
; and a solid

camphor melting at 187° C. The terpenes both appear to contain cymene, as by
treatment with sulphuric acid, the liquid being carefully kept cold, and distillation

in steam, cymene is obtained. These terpenes yield brominated compounds, which

split up, on distillation, intohydrobromic acidand cymene ; the brominated compound
from the lower boiling terpene is much more stable, however, than that from the

terpene of higher boiling-point. For the oxygenized liquid constituent of the oil

the name of salviol is proposed. The terpenes both yield terephthalic acid on oxida-

tion with weak chromic liquor.

On the action of Dilute Saline Solutions upon Lead *.

By M. M. Pattison Muie, F.R.S.E.

After generalizing former results the author describes experiments carried out

under varying conditions, which seem to prove :

—

(1) That increase of surface of lead exposed is generally associated with increase

of lead dissolved. This conclusion does not, however, invariably hold good ; the

nature of the salt in solution, the time of action, &c. influence the action.

(2) That exposure of large siu-faces of liquid to the surrounding air very gene-

rally causes an increase in the quantity of lead dissolved, this increase being most
marked in the case of those salts (nitrates &c.) which enable water to exercise a

notable solvent action upon lead, and after the expiry of lengthened periods of

time.

(3) That the solvent action of dilute saline solutions upon lead increases in an
ever-increasing ratio with increase of time of action (longest period tried = 505 hours),

except ia the case of potassium carbonate solutions, where a point of maximum
action appears to be reached after the expiry of about 340 hours.

On certain Compounds of BismiitJif. By M. M. Pattison Mtjie, F.B.S.E.

In this paper the following salts of bismuth are described :

—

Bismnthous trichloride and trihromide : the action of hydrogen upon these salts

is detailed. Attempts to prepare a chloride higher than Bi Clg, which led to no
positive results, are described. Avmionio-bis)mdhot(s trihromides, Bi Brg . SNH,,
Bi Br^ . 2NII3, and 2Bi Erg . SNH^ ; bismuthyl oxyhromides, Bi^ Br^ O,, and Bi^, Br,

0,3; hismuthic hro7iw-nitride, BiN^I^i'! hypobismnthic hydrate, Bi^ O4 . Hj,0 ; and
a number of chromates of bismuth, the principal of which are :

—

bismuthyl chroynate,

(Bi 0)2 Cr 0^ ; bismuthyl dichromute, (Bi O)^ Cr^ O.^ ; monohydrated hisinuthyl dichro~

mate, (Bi 0)2 Cr„ O, . H^ j and monohydrated bistmdhyl tetrachrornate, (Bi 0)^ Cr4

On Relations among the Atomic Weights of the Elements.,

By J. A. E. Newlands.

On the Alum Process in Svgar-reftning. By J. A. E.. Newlands.

* Vide Proc. Manch. Lit. and PhU. Soc. 1876-77, pp. 1 & 142.

t Journ. Chem. Soc. vol. i. 1876, p. 144, vol. ii. p. 12, and vol. i. 1877, p. 24.
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Oil Sugar. By T. L. Patterson.

Note on some new Anthracene Compownds. By W. H. Peekin, F.R.S.

A very dilute solution of anthracene in carbon disulpliide, when cooled to (P C.
and treated with bromine, yields an addition product, a " dibromide of anthracene,"'

C,, H,(, Brj. It is a very unstable body, rapidly decomposing at the ordinary tem-
perature of the air, with evolution of hydrobromic acid ; when heated it also gives off

this acid, and is converted into monobromanthracene, C^^ H^ Br.

If chlorine be ui=ed in place of bromine, a " dichloride of anthracene," C,, Hj^, Ol^,

is produced, which is even less stable than the corresponding dibromide ; when
heated it decomposes and yields monochloranthracene, C,^ Hg 01.

On Picoline and its Derivatives*. By William Ramsay, Ph.D.

The following salts of picoline were prepared :

—

The hydrochloride, deliquescent, melting at 160° 0.

The hydrobrottiide, melting at 187°. These two salts may be crystallized from
impure picoline.

The dibromide ofpicoline hydrohromide.—Prepared by treating the hydrobromide
with bromine. It forms golden-yellow scales, and melts at 85°. It is sparingly
soluble in water.

The diiodide ofpicoline hydriodide.—Formed when picoline hydriodide is distilled.

Reddish-brown crystals, which melt when brought in contact with water ; soluble
in alcohol and in ether. Melting-point 79°.

The formula of Anderson's trichloropicoline hydrochloride is disputed, both from
the results of analysis, from its method of preparation, and from its properties. It

appears to be a hypochlorite, and to contain the group (0 CI). The white powder
to which Anderson ascribes the formula Cg II4 CI3 N . IICl is a product of the action
of water on an oil obtained by projecting picoline into chlorine gas.

Picoline dibromide, Cg H^ N . Brg, formed by the action of a solution of bromine
in chloroform on picoline, and

Picoline iodochloride, Cg H, N . CI I, prepared in a similar manner, are crystalline

solids. The halogens, therefore, act on picoline to form at least four distinct sub-
stances :—1, a direct addition compound containing picoline plus two atoms of halo-
gen ; 2, a substitution compound which undergoes alteration when brought in con-
tact with water ; 3, a salt of the halogen acid ; and 4, an addition-product con-
tainmg two atoms of the halogen combined with the haloid salt.

The ferrocyanide forms white crystals.

The platinocyanide consists of i«f?e pale yellow rhomboids. It crystallizes with
4H,0
The taHrate forms long white needles.

The citrate is uncrystallizable.

The phosphate is a white deliquescent crystalline mass.
The chlorate forms very thin diamond-shaped crystals.

The following compounds with alcohol radicals were prepared :

—

The methyl iodide, by mixing equivalent quantities of methyl iodide and pico-
line. Long white needles, which melt at 226°'5-li27°.

The methyl chloride is an extremely deliquescent salt, and crystallizes from alcohol
in needles.

The methyl nitrate forms large transparent prisms.

The methyl hydrate, prepared by means of moist silver oxide, rapidly becomes
discoloured in the air, and when acted on, first with bromine, then with ammonia,
assumes a red colour. No methylaniine was evolved on boiling its aqueous solu-
tion.

The diiodide of the methyl iodide, C^ IL N (CII3I) I^, crystallizes from alcohol in

.
r<VePhil. Mag. 187C, vol. ii.p. 209.



6S UEPORT

—

1876.

feathery bluish-black crystals. It is prepared by dissohang iodine in an alcoholic

solution of the methyl iodide.

The ethyl iodide is analogous to the methyl iodide ; and the ethyl hydrate gives

a similar reaction with bromine and ammonia.
The ethene bromide forms small hard prisms, which melt at about 270°. The

etheue chloride crystallizes from alcohol in needles.

Picoline allyl compounds are all sirups, with exception of the platino-chloride.

The hydi-ate is more stable than the methyl, ethyl, or ethene h^ydrates, and after

evaporation at 100^ dissolves in alcohol with a brilliant purple colour, ^vhich may
be commimicated to silk.

As picoline is not decomposed by potash in any form, it cannot be a nifrile or a

carbouine. It is not altered by being passed through a red-hot tube filled with
lime or lead peroxide. Boiling sulphuric acid and nitric acid, or a mixtm-o of both,

have no action on picoline ; but when the nitrate is heated it undergoes complete

decomposition into carbonic acid and probably water.

Picoline probably does not contain a methyl group ; for on oxidation it yields

Dewar's pyridene dicarbonic acid. This acid is not derived from lutidine, as was
supposed by Wright. Experiments to prepare the aldehyde and alcohol fi-om

dicarbo-pyridenic acid lead to a prospect of success ; and from the alcohol true

methyl pyridine may possibly be obtained.

On Ghtcinum, its Atomic Weujlit and Specijlc Heat.

By J. EiiEESoN Reynolds, M.D.

On the Utilization of Sewage. By W. C. Silxak.

On the Action of Hydriodic Add on mixed Ethers of the General Formula

C,^H2„+ 1-1-0 . CHg *. By R. D. Silva.

On Sodium. By Anderson Smith.

On the Manufacture of Iodine f. By Edward C. C. Stanford, F.CS.

The author gives an interesting account of this manufacture, which in Great

Britain is confined to Glasgow and its neighbom-hood. He gives a resume of the

remarkable fluctuations in the price of iodine, and also of the changes in the uses

of kelp, or sea-weed ash, from its first manufacture about a hundi-ed years ago to

the present time. He traces its use from the beginning of the present century,

when it was the principal source of alkali, and when Scotland alone produced

20,000 tons annually, worth £20 to £22 per ton. During the following 22 years

the importation of barilla reduced the price of kelp to £10 per ton. Then the

removal of the duty on barilla, followed by that on salt, reduced it further to £3
per ton, and in 1831 to even £2 per ton. In 1845 the manufacture of iodine com-
menced, and kelp was again in demand. The imports and prices are shown in the

following table (p. 69).

It was impossible to give the imports of kelp earlier than 1845, as this table was
obtained with difficulty from indirect sources, the Clyde trust having disposed of

their books previous to 1859, thus rendering the early history of this interesting

subject at present inaccessible for statistics.

It is shown that a large number of makers of iodine in Glasgow at that time had
been now reduced to three,

* Vide Compt. Bend. kxxi. pp. 323-325.

t Published i)i e.rfenso in the ' Chemical News,' 1877.
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Kelj) imports into Clyde, years eliding June 30.

Tear
Tons of Kelp
Price of Iodine per lb.

1866.

8858

10/

1867.! 186S. 1869.

8174'8116 8178
12/ 12/8 13/

Tear 1856.

Tons of Kelp 6349
Price of Iodine per lb. 13/8

Year 1846.

Tons of Kelp I3B27

1857. 1858.

8(541 8123
12/4 10/6

1847.

4000
Price of Iodine per lb. 21/3 11/

Year
Tons of Kelp
Price of Iodine per lb.

1848.

4400
11/

1859.

8190
9/8

1849.

4731

11/

1870.

9257
12/8

1860.

7754
8/6

1850.

11421
10/8

1871.

9384
14/4

1861.

9722

7/

1851.

7320
8,8

1841.

2565

5/

1872.

10049

34/
A

1863.

9414
5/8

A

18.'i2.

5418
15/

A

1842.

1887

4/8
A

1874.

10923
15,8

Kelp...

Iodine

1864.

11349

^8/4
Kelp...

Iodine

1854.

4679
12/

Kelp...

Pr. of Iodine

187.3.

9449
24/8

verage

Pr. of

1863.

14018

5/
verage

Pr. of

1853.

6491
15/4

verage

1843.

1965

6/
verage

Pr. of

1844.

3263
12/

Kelp...

Iodine

1875.

8(i43

10,8

9187
15/lH

1865.

13741

7/8
9730
8/10

1855.

5826
13/4
5811

12/11

1845.

6086
31/1

3133
11/9

The working of kelp for iodine is minutely described, with the remark that all

the text-books on the subject describe only processes and apparatus abandoned by
manufacturers many years ago. The large production of iodine which may be
expected from the Chilian caliche is fully investigated and it is shown that the
possible production far exceeds the utmost output of Great Britain and France ; but
there are difficulties in the manufactm-e which have hitherto prevented very large
imports from this source.

The quantities of iodine in several species of sea-weed, and from a large num-
ber of analyses of specimens from all parts of the coast, are tabulated. The author
shows that all sea-weeds contain iodine ; but few contain it in the quantity worth
working.

These are the deep-sea algae exclusively.

His own researches are alluded to (Society of Arts, Silver Medal, Feb. 14, 1862)
in reference to the great loss of iodine in the present wasteful method of burning
kelp ; and his suggested improvement of collecting the winter tangle, now generally
wasted, and distilling it in closed retorts, is described. The sea-weed is thus con-
verted into charcoal (which remains in the retorts), and ammoniacal liquor, and tar

condensed in suitable condensers, and gas, which is used to light the works.

The gas liquor yields ammonia and acetic acid. From the charcoal, the salts of
potassium and sodium, with iodides and bromides, are easily washed out, and a
residual charcoal is obtained which resembles that from bones. This charcoal is

fully equal to animal charcoal as a decolorizer and deodorizer, and can be very
cheaply obtained.

The manufacture affords winter employment to a large and indigent populatioa
in the winter, when they most need it. It has been earned out on a large scale in

some of the outward Hebrides, and has quadrupled the produce of iodine and
greatly benefited the people.

On Lead Desilverizing hy the Zinc Process. By J. E. Stoddabt,

On the Atomicity of Oxygen and on the Constitution of Basic Salts.

By J. Johnstone Stoney, F.B.S,

On Zinc. By D. Swan.

1876.
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On the Prevention of the Pollution of Rivers. By Hev. R, Thomson.

On the Growth of Mildeiv in Grey Cloth. By William Thomson, F.R.S.E.

The author described the size vised by Lancashh-e manufacturers, which is nearly

always more or less strongly acid.

Two series of experiments on the relative actions of salts, often added by manu-
facturers to their size, in aiding or retarding the development of mildew, showed
that the free acid present, together with dampness, is the most fruitfid cause of
mildew ; and if the acid be neutralized with soda ash, mildew develops with much
difficulty, and only after a very considerable lapse of time.

On the Nitroso Derivatives of the Terjyenes. By "VV. A. Tilden, D.Sc.

Preliminary Note on a new Iso-purpunne. By W. A. Tilden, D.Sc.

On the Prevention of Fraudulent Alterations in Cheques cj'c. By F. Ward.

On the Means of Suppressing Alkali Waste: By Walter Weldon.

New Cotamine Derivatives. By C. E. Alder Wright, D.Sc.

When dilute bromine water is added to a solution of cotarnine hydrobromide
combination takes place, and a crystalline orange precipitate is thrown down con-
sisting principally of dihrom-hydrocotai-nine hydrohrumide ; if excess of bromine be
used, the precipitate chiefly consists of tribrom-hydrocotarnine hydrobromide, these
two brommated bodies being formed thus :

—

Cotarnine. Dibrom-hydrocotarnine.

C,, H,3 NO3, H Br+Br, = C,, H,3 Br, NO3, HBr.

Tribrom-hydrocotarnine.

Ci, Hj3Br2 NO3, HBr+Br,=H Br+C,, H^, Br, NO3, HBr.

If hydrocotaruine hydrobromide be used instead of cotarnine hydrobromide, and
excess of bromine be added, the same tribrom-hydrocotarnine hydrobromide is

formed, thus :

—

Hydroootarnine. Tribrom-hydrocotarnine.

Oi, H,5 NO3, HBr-|-3Br,=3H Br-f C^, HijBr,^ NO3, HBr.

Dibrom-hydrocotarnine hydrobromide loses the elements of hydrobromic acid,

forming bromocotarniiie hydrobromide on boiling with water, aqueous caustic potash,
or alcoholic silver hydrate, thus :

—

C,, Hi3 Br, NO3, HBr=HBr-l-C„ H,, BrXOj, HBr.

The bromocotarnine thus formed resembles cotarnine in many respects ; its salts

are crystallizable and very soluble ; the base when crystallized from ether is repre-
sented by CijHaBrNOj, H^O, the associated water being lost at 100° with partial
decomposition just as with cotarnine. When heated to about 180°, hydi-obromic
acid is evolved ; the residue contains a blue product insoluble in boiling alcohol, ben-
zene, chloroform, petroleum, turpentine, carbon disulphide, and ether, but sparingly
soluble with a brilliant blue colour in boiling glacial acetic acid, glycerine, or
aniline, and readily soluble in cold concentrated sulphuric acid to a most intensely
colom-ed magenta liquid : the colorific povt'er of this bodj' is most remarkable, a
minute speck scarcely visible ginng a deep coloration to a considerable bulk of
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acid. As 3'et this body has not been obtained in sufficient quantity and sufficiently

pure for analysis ; the fact that concenti-ated warm sulphuric acid does not char it,

ut onlj' dissolves it, suggests some constitutional similai-ity to indigo.

Tribrom-hydrocotarnine hydrobromide breaks up, on heating to 180-200'^, in

accordance with the reaction,

C1JI12 Bra NO3, HBr= CH3 Br+HBr+C,i H, Br ISO3, HBr,

methyl bromide and hydrobromic acid being evolved and the hydrobromide of a
new base being left. After due purification the free base is obtained from 80 per
cent, alcohol in bright oranr/e crystals containing C,, HgBrNO,, yH^O, the water
of crystallization being lost at 100° and a brilliant crimson anhydrous base being
left. This crimson mass is a delicate test for the presence of moisture in nearly
absolute alcohol ; when crystallized from such containing only a minute trace of
moisture, oranr/e hydrated crystals are thrown down on cooling, whilst criinson

anhydrous crystals are formed when -very carefidly dehydrated alcohol is employed

:

it may be noted that long standing over and distillation from a large bulk of quicklime
does not sufficiently dehydrate ordinary 90 per cent, spirit to give crimson crystals

by this test.

The salts of this base readily crystallize ; the hydrochloride and hydrobromide
are of a straw-yellow colour and sparingly soluble in cold water ; on adding sodium
carbonate to the warm only slightly yellow aqueous solution, bright orange crystals

of the free base separate rapidly on stirring.

The bromine in this base is apparently incapable of elimination by nascent hydro-
gen ; it is proposed to designate it Jromo^rt/Towtwe, " tarconine " (anagram of nar-
cotine and ot cotarnine) being the (as yet hypothetical) non-brominated base

Cji Hj NO3, difleriug from cotamiue (Cj^ Hj3 NO3) by the elements of marsh-gas.

On the AVcaloids of the Aconites. By C. E. Alder Weight, D.Sc.

The results communicated to the Association last year, together with those
obtained by Duquesnel, seem to point to the inference that when a mineral acid is

used to acidify the alcohol used in the extraction of alkaloids from aconite roots,

alteration of the base or bases originally present takes place to a greater or less

extent, owing to the influence of the heat employed to evaporate the alcoholic
extract ; whereas if tartai-ic acid be used, and the extract be evaporated at as low a
temperature as possible, as in the experiments of Duquesnel, much less alteration

takes place and a considerable amount of abase crystallizable from ether is obtained.
Two cwt. of Aconiimn napellus were worked up by this latter process for the

purpose of examining more closely the character of the crystals thus obtained ; the
extract, evaporated gently to a small bulk, was treated with water and filtered from
precipitated resin ; the aqueous filtrate then yielded a semicrystalline precipitate

when treated with potassium carbonate in slight excess. This precipitate was
fractionally crystallized from ether and other solvents, and finally split up into a
large number effractions ; no evidence, however, could be obtained of the presence
of more than one crystalline base ; all the fractions, when sufficiently purified from
a small quantity of an obstinately adherent non-crystalline base of lower molecular
weight, gave identical numbers agreeing mth the formula C33 H^3 NOj„, the gold
salt being indicated by C33 Hj,;, NOj^ HCl, AuClg.

This crystallized base, to which it is proposed in future to restrict the term
aconitine, is eminently active physiologically, and agrees closely in all its properties
with the " crystallized aconitine " of Duquesnel obtained by the same process, the
different formula arrived at by Duquesnel (viz. Cj^H^o NO,,) being apparentl}'^

due either to impurity in the substance examined or to analytical imperfections.

The base, crystallizable from ether, obtained in small quantities from A. napellus

by extraction with alcoholic hydrochloric acid, as described in the Brit. Assoc. Rep.
1875, p. 38, gave last year numbers from which the C33 II,, NO,,, or one closely

similar, was deduced : after further purification, however, this substance was found
to be perfectly identical with the aconitine above described, giving numbers repre-
sented by C33 H„NO„.
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In order to purify aconitine completely from another base which does not crystal-

lize from ether, but which obstinately adheres to aconitine when crystallized from
that and other menstrua, it is sufficient to dissolve the approximately pure snow-
white crystals already crystallized several times from ether in warm dilute hydro-
bromic acid ; on cooling and standing, well-defined crystals of the hydrobromide of
aconitine separate, the other base being completely retained in the mother liquors

;

the drained and washed crystals yield perfectly pure aconitine on dissolving in water,
precipitating by sodium carbonate, and crystallizing the precipitate from ether.

This non-crystalline base does not appear to form crystallizabie salts ; it has a
considerably lower molecular weight than aconitine. Whether it is originally
present in the roots, or is formed by alteration of the crystallizabie aconitine during
the extraction process, is not yet made out.

These results, and those obtained last year, clearly point to the desirability of sub-
stituting for medicinal purposes the uniform homogeneous crystallized base (or a
salt thereof) for the more or less amorphous mixtures of aconitine and other sub-
stances and alteration products usually found in pharmacy, inasmuch as some at
least of these admixtures are considerably less physiologically potent than aconitine,

C33H43NO12.
Further experiments on the constitution of aconitine and the amorphous base or

bases are in progress.

GEOLOGY.

Address by Professor J. Young, M.D., F.G.S., President of the Section.

When the British Association met in Glasgow twenty-one years ago, Sir Roderick
Murchison presided over Section C, and was surrounded by a brilliant company,
whose names, now historical, were even then familiar for their accuracy of observa-
tion, for philosophic generalization, and for the eloquence with which'theii- science

was clothed in words that charmed while they instructed—Lyell, Hugh Miller,

Sedgwick, Jukes, Smith of Jordan Hill, Thomas Graham, Agassiz, Salter, Leonard
Horner, John Phillips, Robert Chambers, H. D. Rogers, Charles Maclaren, Sir W.
Logan : the list is a heavy one even for twenty-one years ; and the changed cir-

cumstances will be fully realized by Nicol, Harkness, Egerton, Darwin, Ramsay,
and others when they find Murchison's place occupied by one who holds it rather
by the courtesy of the Council to the Institution in which we are assembled than
by any claim he has to the honour.

It would be out of place for me to do more than refer to the Geological advantages
which have given to Glasgow its commercial greatness. In the Handbook prepared
at the instance of the Local Committee will be found gathered together all the
positive knowledge we possess regarding the mineralogy, stratigraphy, and palaeon-
tology of the west of Scotland. The specimens themselves are exhibited in the
Hunterian Museum and in the Corporation Galleries ; and I take it upon me to say
the Glasgow geologists are as ready as ever to assist the investigations of students
in special departments with all the material which richly fossiliferous strata yield
and the careful skill of assiduous collectors can secure.

Thus relieved from entering into local details, 1 would ask your attention for a
short while to some of the difficulties which a teacher experiences in summarizing
the principles of Geology for his students.

I may be pardoned for reminding you that as yet there are in Scotland only two
specially endowed teachers of Geology. In the iCniversities, that science for which
Scotsmen had done so much received only the odd hours spared from Zoology. In
1867 the two courses were separated in Glasgow ; in 1870 Sir R. I. Murchison
founded the Chair of Geology in Edinburgh ; in 187C ]\Ir. Honyman Gillespie

endowed a Lectureship on Geology in Glasgow, not separating it from Zoology, but
rather desiring the two to remain associated, while means were provided for tutorial

instruction in the elementary work of the class. When next the Association meets
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in Glasgow, I hope that the services which scieuce has rendered to mining; and
luetallurgy may have been recognized bv those who have reaped the benefit.

During the efforts of years to obtain provision for systematic teaching in Mining
and MetaUurgy, practical and scientiiic have always been set in opposition by those

whom I addressed. In another twenty years it mav have become apparent that it

is possible for a man to be both practical and scientific, and that the combination is

most conducive to economy.
Geology occupies the anomalous positiou of being a science without a special ter-

minology," a position largely the result of its liistory, but to some extent inherent in

its subject-matter. Treated of by liutton and Playfair and their opponents in the

ordinary language of conversation, current phrases were adopted into science, not so

much acquiring special meanings as adding new ambiguities to those already

existing. Everv one seemed to understand them at once ;
and thus, as no one was

obliged to attach verj^ precise meanings to them, the instruments of research became
its impediments, and the phrases in common use at the beginning of the centm-y

have transmitted to the present day the erroneous ideas of those by whom they were
first employed. When Lj'ell, in 1832, methodized the knowledge accumulated

prior to that date, he had, in organizing the scieuce, to choose between inventing

an appropriate terminology and adopting that in common use. By doing the latter

lie promoted the popularity of the science, though at the cost of some subsequent

confusion ; by attempting the former he would have set in arms against him those

who would, according to the pedantry of the time, have denounced his neologisms and
foimd in them a decorous veil for the objections which they entertained on other

grounds to his views. Lj'ell was not the man to face the latter difficulty ; nor can

it be charged against him that he was wittingly neglectful of the interests of

science. But to the use of conversational language are traceable certain assump-
tions to which I desire to draw your attention. In venturing criticism of this kind

I am not unmindful of the Nemesis which has overtaken my colleague, Sir VV.

Thomson for his comments on Lyell's language. Thomson took exception to lan-

guage whicli implied a kind of perpetual motion, a circulation of energy- at variance

with the teaching of physics : and, behold, two or three years after, Lockyer has

published, as a physical astronomer, and Prestwich has approved, as a geologist, the

opinion that the temperature of the sun may have fluctuated, that, in fact, changes

of chemical combination may from time to time have refreshed the heat of the

planet, whose uniform rate of cooling Sir William had assumed.
- When sti'ati graphical geology first received due attention, the notion w.as pre-

valent that each formation terminated suddenly by cataclysm ; it was therefore

natural tliat the British succession, the earliest to be tabulated in detail, should be
taken as a standard for other countries, and that the emmieration of the series

should be a generalized section in which were incorporated those strata not pre-

sent in Britain. The " intercalation " of beds thus practised to make an " incom-
plete " series "complete," still survives, as do the terms, though the notions which
underlie them are formally denied by those who use them. A patriotic fellow-

countrj'man once surprised us by his (•ehement denunciation of a treacherous Scot

who called the Lanarkshire Limestones meagre and incomplete as compared with
the English. With knowledge he might have made his criticism useful ; as it was,

he only gave a fresh example of the national peculiarity which, if it cannot prove

Scotland to be better ofi' than its neighbom's, is content if it can make it out to be no
worse. The abundant fossils of the Mesozoic strata of England and Prance ren-

dered comparison easy, and created the impression that conchology was the ABC
of geology, physical being subordinated to palajontological evidence. The balance

has been somewhat restored by the Geological Survey, the precision of whose
physical observations enables them to guide the palfeontologist as often as they

have to be guided by him. But one legacy from our predecessors we have not got

rid of; nor, indeed, has its value been much called in question.

The process of intercalation had at first to do only with observed gaps, into which
obvious equivalents could be received. But as the needs of speculative Biology

rapidly increased, in the same ratio did belief in the imperfection of the geological

record increase, till now we have that record described as a most fragmentary

volume, nay, as the remains of the last volume, whose predecessors are lost to us.

1876. 8
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Sir W. Thomson did good service by calling in question, on physical grounds,

the indefinite extension backwards of geological time. The iirstfruits of his crusade

were the definitions of Uniformitariauism and Evolution which Prof. Huxley gave.

Henceforth no one will maintain the onesided notions regarding these two opposing

views of the earth's history which were adopted in ignorant misconception or dic-

tated by conceit and bigotry. But the service done was even greater; for while it

became clear that a knowledge of physics was indispensable to him who would
promulgate sound notions, it was further apparent that both biological and geolo-

gical evolution had a limit in time, that in fact, on the assumption of the primitive

incandescence of our globe, the date might be at least approximately fixed when
the mechanical processes now at work commenced and when the surface of the

earth became habitable. Nothing more has yet been done than to point out the

way ; for, though Prof. Guthi-ie Tait indicates a limit of from 15 to 10 millions of

years, that statement can only be regarded as in efiect, though not perhaps in in-

tention, a protest against the liberality and vagueness of Sir W. Thomson's allow-

ance, which gave geologists a range of from one to two hundi'ed millions of

years.

The reconciliation of physicists and geologists is not likely to come through

Mr. Lockyer's researches, even if the earth's history be shown to have
been identical, unless the renewal of the earth's heat be shown to be compatible

with continued life on the surface. If the reconciliation is looked for through the

prolonged duration of the sun's life, that being the gauge of the earth's duration,

the expectation is still based on the supposed need of very great time for geological

processes, or rather on the supposed need of very great time for biological evolution,

to which geological evolution has been squared. There is another direction in

which these results may help us to meet the limitation assigned by the physicists :

the intervals of variation of temperature may be shorter than those which separate

the maxima of eccentricity of the earth's orbit; and thus the repeated cold periods

of which we have suggestions in the stratified rocks, may have recuiTcd within a

sliorter total period than is at present claimed.

It is scarcely within the compass of this address to enter into the questiDus in-

volved ; but it is permissible to indicate the reason for delaying meanwhile accep-

tance of any precise limit of time. There is as yet too much diversity of opinion

as to the elements of the problem. Physicists are by no means at one as to the

conditions which permit or prohibit shifting of the earth's axis. Oalcidations are

based on the assumption of the regularity of the earth's form, under a certain con-

.<stant relation of the masses, albeit of diverse specific gravity, which compose it.

It is moreover assumed that the ratio of land and water have been uniform, though
the formation of the grand features of the land by contraction of the cooling mass
has not yet been considered as affecting this assumption by altering the disposition

of the water. On the one hand it has been shown that the existence of uniform
temperatures over the earth's surface is a gratuitous hypothesis ; on the other

hand it is clear that the existing distribution of light and heat is incompatible with
the flourishing of an abundant Carboniferous and Miocene flora within a short

distance of the north pole. One expects tliat astronomers will look to the shifting

of the axis of rotation as the possible explanation of the difficulty, taking into

account likewise the shifting of the centre of gravity necessarily following those

displacements of matter which, on the contraction theory, liave determined the

positions of the main continents and oceans.

Mr, Evans, in his address to the Geological Societ}', refeiTcd to the deviation of
the magnetic axis as perhaps due to such shifting of the materials composing the

inner mass of our globe. May not the conjectures of M. Elie de Beaumont be
after all in the right direction ? May not the change of trend which led him to

classify the mountain-chains by reference to the age at which they had been ele-

vated, be associated with movements which did not in all cases result in shiftings

of the earth's axis so pronounced as those which permitted the Carboniferous and
Miocene floras to invade successfully the arctic regions, or the phenomena of the

glacial epoch, or epochs, to manifest themselves in the low latitudes where their

traces have been recognized ?

AVaiving, for the present, inquiry into the influence which the admission of a
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fossible shifting of the earth's axis might have on our estimate of geological time,

shall return to the phraseology whose amendment seems advisable.

The confusion which exists is well illustrated in a remark by an eminent Avriter

to the effect that the progress of geological research tends to prove the " continuity

of geological time." The phrase in itself involves an absurdity ; but what is meant
is, that the successive so-called formations pass into each other by imperceptible

gradation, and that, as time goes on, we shall be more and more able to intercalate

strata so as to present a continuous scale of animal and vegetable forms. This is

one out of many samples of the extreme length to which the thirst for strict

cori'elation may go. We find in Murcliison's writings and elsewhere pointed pro^

tests against the succession of strata in one district being held to rule that in other

districts ; but these are rather concessions wrung from their author by the pressure

of particular instances than acknowledgments of a rule applicable to contiguous

and to distinct localities alike. I could not perhaps take a better example than the

strata which contain the remains of the fossil Equidcc. If we arrange the fossils in

any series representing the modification of particular structures, or averaging the

modifications of all the structures, we shall find that the terms of the series are met
with, now in Europe, now in America

;
yet no one would venture to intercalate

the European in the American Tertiary series so as to square the geological record

with an assumed zoological standard. The notion of gi-adations, the extreme view
of correlations, has led to results which are, to put it mildly, of doubtful value.

Yet it was a natural result of the work of Cuvier and other palaeontologists among
the Mesozoic and Eocene fossiliferous deposits. The statistical method invented

by Lyell is simply a mode of gradations. Intercalation of strata is therefore a
siu'vival from an earlier stage of the science, and can-ies with it a distinct echo of

the catastrophic notion that strata were formed simultaneously and generally over

the earth's surface, if not universally.

The geological record has been compared to a volume of which pages have
here and there disappeared ; and the incompleteness of the record has been in-

ferred from the frequency of pronounced gaps in the succession of strata. Of these

gaps, these unconformities. Prof. Ramsay has shown the importance by demon-
strating that they represent the lapse of unknown, but varj'ing, and in all cases

considerable periods of time. The intercalation of strata, assumed to fill up the
gap, and hereby to give symmetry to systematic classifications, can only be done by
an appeal to the statistical method, a fauna containing forms characteristic of higher
and lower beds being assumed to represent an intermediate point in time, whereas
it might be equally well claimed as representing an intermediate area in space, and
as being possibly representative of the whole gap and of some of the strata above
and below it.

The definition of a formation as representing a certain period of time, still re-

peated with various modifications, is to blame for this and several other cm-iosities

of procedure. But the climax of symmetrical adjustments is reached when we find
" natural groups " established—when, in other words, an attempt is made to show a
regular periodicity of plienomena in Geology. Dawson proposed a quaternary,
Hull a ternary classification—to neither of which should I now refer, but that tlie

deserved estimation of these writers is apt to perpetuate what seems to be an unsafe
view of geological succession.

Hull's arrangement has the merit, by force of its simplicity, of bringing the
A'ainness of the attempt into prominence. Dawson has complicated his classification

so as to render it impracticable. A natural group of strata, one in which elevation,

deep depression, elevation, record themselves in rocks so as to establish geological

cycles, implies several things for which we have no evidence. Most important of
all, it implies that the events above noted should recur in every area in the same
order, that they should recur at equal intervals of time, and therefore yield equal
masses of strata, and, above all, that the superior and inferior limits of each natiu'al

and conterminous group should consist of a mass of similar strata, one portion of
which shall belong to the earlier, the other to the later group. Here then we have
implied, not catastrophic simplicity as regards the strata, but something very like

it as regards the subterranean forces.

Mr. Hull has not, however, been able to surrender himself wholly to his specula-
8*
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tion. He has admitted " Gaps"—breaks, that is to say, for which he finds no equi-

valents in the British series—the strata that should occupy these gaps having been
either removed by denudation or never deposited, the British area being at these

times above water. The concession is fatal to the scheme. But the very use of

the word gap recalls the phrases " complete " and " incomplete," and their nearest of

kin, " base of a formation." Prof Ramsay used the word '"'break" to mark his

unconformities ; but no term has been proposed for " the base of a formation." The
term was in constant use when such base was always claimed to be a conglo-

merate. That notion is now exploded ; but no distinction is drawn between the

lowest bed of a group of conformable strata, and the bed or beds which repose

unconformably on those below them. Thus the London Basin has the Thanet beds,

the Reading beds, and the London Clay successively resting on the Chalk ; and each
of these is the base for its proper locality, unless it be asserted that in this and
similar cases the lowest beds once covered a wider area and were then removed.
But a more important case is presented by the great calcareous accumulations of

the Carboniferous and Chalk series. The Lower Greensand is to the latter series in

England what the lowest stratum of the chalk would be if we could get at it. The
C'arboniferous Limestone rests directly on the Red Sandstone iu Central England

;

further north it rests on the Calciferons Sandstones. Thus the base of the forma-
tion varies according to locality, or rather according to the circumstances of depo-
sition; and we need a term which would indicate a difference between the conform-
able and unconformable succession. JNIr. Judd has lamented the equivocal use, by
English writers, of the term formation, which etyniologically is as well applied to the

Chalk without flints as to the whole Cretaceous series. Pie advocates " system " as

applicable to the larger groups—the Cretaceous system fn* example. But it seems
as if the time were come for still further restrictions of either or both terms.

The analogy of the geological record to an incomplete volume is, like most
analogies, at once imperfect and misleading. Rather might the record be compared
to the fragments of two volumes which have come to be bound together, so that it

is not possible to recognize the sequence. Or perhaps it might be better compared
to a universal history in which, by omission of dates, the chronology is thoroughly
obscured, and the necessary treatment of each nation by itself conceals the con-

temporaneity of events. V\^e have the aquatic record and the terrestrial record : and
these two are going on simultaneously. It is as yet, and probably always will be
injpossible to recognize the marine deposits which correspond to the terrestrial

remains, save perhaps in the most recent geological times. We now know that

the life of the Cretaceous seas is not wholly extinct in the existing Atlantic Ocean,
but exists there to an extent which would entitle the deposits of that area to rauk
by the statistical method as intermediate between the Cretaceous and the Tertiary.

It is obviously impossible to include under one term deposits which are associated

with geographical changes so important as those commonly accepted as having
prevailed during the Tertiary epoch. The iNIesozoic forms pass gradually into the
Tertiary; how gradually we cannot say, since the deep-sea equivalents of the
European Tertiaries are not certainly known to us. But as a jiortiou survives to

the present day, and as, presumably, the extinction was not rapid (for it is only iu

the case of land-animals that sudden disappearances are as yet probable), it is obvious
that the successor, the heir, of the Chalk was not the Eocene, nor necessarily the
Miocene known to us, but probably deposits still buried under the Atlantic.

]\Iy object is to show that even the limitation of time which Prof Tait pre-

scribes for us may not after all be too narrow for the processes which have resulted

in our known stratigraphy. Mr. Darwin speaks of the geologic record being the
imperfect record of the last series of changes, the indefinite extension of time anterior

to the earliest fossiliferous rocks being necessary for the full evolution of organic

forms. But is there any ground for the assumption ? True that the Laureiitians

contain fragments of antecedent rock; but were these fossiliferous ? Are they the
remains of land surfeces on which living beings flourished ? or are they only the
debris of the first consolidated portion of the Earth's crust, on which if organisms
existed they may have been the most primitive of our organic series ? Mr.
Jukes refers to the possibility of sucli earlier strata having existed ; but he wrote
when geologists were dominated by the belief iu the indefiniteness of geological
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time. Now we are brought by pbj'sicists like Sir W. Thomson and Captain Datt'in
to face the question, Is there evidence of such earlier masses of stratitied de-
posits ? If we allow to the physical argument all the weight to which its advo-
cates deem it entitled, if we accept 15 millions of years, nay, even if we admit
100 millions of years as our limit, it follows that we may still regard the earth as
in its first stage of cooling. But when we turn to the geological evidence, all that
can be advanced is that the Laurentian strata contain fragments presumably derived
from earlier strata ; but metamorphosed fragments among metamorphic rocks are
not the most reliable guides, and there is the positive evidence that the Laurentian
area has not been covered to any extent, if at all, by later deposits. So far as

direct proof goes, therefore, we have none that the earliest known stratified rocks
are not also the earliest deposited after cooling. Even if we disregard the limits

imposed by the philosophers, liberal though they ai'e in Sir W. Thomson's hands,
the absence of proof that later deposits covered Lam-entian areas seems entitled

to greater weight than is usually allowed to negative evidence. At best the asser-

tion of antecedent strata is an arbitrary one, which any of us is at liberty to con-
tradict, and in favour of which no pliysical evidence, and only zoological prejudices
can be adduced. The earliest stratified deposits known are the Laurentian ; and
they are, so far as we know, the earliest to have been deposited.

But apart from these possible though improbable earlier deposits, geological

time is said to be lengthened by the missing strata of later periods. Mr. Croll has
given great prominence to this, which is another of the things taken for granted in

geology. Commenting on Mr. Huxley's remark that if deposit went on at the
rate of 1 foot for 1000 years, the 100,000 feet of strata assumed by him to form the
earth's crust would be laid down in the 100 millions of years which Sir W. Thom-
son had given as the limit, "But," sajs Mr. Croll, "what of the missing strata?" It

is commonly said that we have only a part of the deposits of any period, that the
last have been denuded awaj', and that thus the time needed for their deposit and
for their subsequent removal are out of our knowledge. This is based on what we
see on the shore when the tide rises and falls and washes oft' at each turn a part of
the sand and mud laid down in the intei'val. But the older deposits were laid

down in deeper water than that between tide-marks, and were for the most part
laid down during subsidence. Even admitting removal of part of the strata to

have taken place dm-ing re-emergence, the quantity so withdrawu cannot be proved
to represent more than a small fraction of the total. To provide the needed elon-

gation of geological time by an appeal to arbitrary speculations is not admissible.

Belief on belief is, as Butler says, bad heraldrj-. The denudation to which im-
portance is justly ascribed is that represented by an unconformity. Re-elevation
lias been accompanied by disturbance of the area from a dift'erent centre than that
around which subsidence took place. The strata are worn obliquely; and thus
thickness of the mass at one place is greatly diminished, though it does not follow
in all cases that the maximum thickness of the strata has been affected.

The importance—as I deem it, the excessive importance which is attached to the
missing strata is asserted by biologists, who apparently unconsciously seek to gain,
by prolonging the interval between successive groups, the time which ought rather
to be sought for in tracing, were that possible, the migrations of the species which
seem to have suddenly died out. In otlier words, there is a reversion to the older
ideas regarding the succession of strata which are embodied in such phrases as
the Age of Fishes, the Age of Eeptiles, and the like.

But the inequality of surface which unconformitj' involves, entails that other
consequence, that the maximum thicknesses of the two masses of deposits do not
coincide in position. Hence the thickness of the strata in the area will be exag-
gerated, the time spent in deposit also exaggerated, if the two thicknesses f re put
together. This has been done by Mr. Darwin in drawing inferences from the mea-
surements given him by Prof. Ranisaj', measurejuents which, on the face of them,
do not represent a continuous pile of rock. Mr. Darwin nssunies either that ihe
Welsh hills ("not to speak of the Hebrides) were covered by all the later strata

now demuled—or that if we sunk a bore, say on the erst coast, we should go
through the whole series as tabulated. "\Mieu Prof. Huxley took 100,000 feet as

the thickness of the sedimentai-y series, tlie same notion was unconsciously present,
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the same survival of catastrophisni—the onion-coat theory, as Herbert Spencer
named it.

The Geological Survey has corrected its tables in one important direction : it

lias shown the contemporaneity of imlike groups in different parts of Britain, the

distinct types of the Old Red Sandstone, Carboniferous, Permian, and Purbecks
being placed in parallel columns. To some extent this is a curtailment of the

thickness of the rock series, the dissimilar strata are not piled on each other. But
the curtailment might be carried still further. The marine and terrestrial con-

ditions are simultaneous : if we could identify the dry land for each deep sea, we
should have possibly the overlap of periods producing extraordinary combinations,

though not perhaps Mesozoic and PaliBozoic faunas contemporaneous. But the

British series may be tabulated as follows :

—

Zand Surfaces.

Coal Measm'es.
Permian.

Trias.

Purbeck.
Wealden.

Miocene.
Pleistocene.

Laeiistrine ^" Fluviatile.

Cambrian.
Old Red Sandstone.

Calciferous Sandstones.

Marine.
Laureutian ?

Silurian.

Carboniferous Limestone.

Juraasic.

Neocomian.

Cretaceous,

In the case of the Cretaceous series, Mr. Ramsaj' has given illustration of the

ingenious views of De La Beche regarding the contemporaneity of deposits super-

posed one on the other. The Lower Greensand is contemporaneous with part of

the Chalk ; so -were parts of the Wealden : nay, even of the Purbecks a portion

must have been forming while the Cretaceous sea was gradually deepening
southward and eastward.

It may be said that the recognition of the parallelism would not make very much
difference after all—that it would not one whit lessen the time spent in forming 500
feet of rock to know that there was elsewhere another .500 feet formed at the same
time. But the shortening of the geological list by striking out the overlaps of the
formations, and thus counting them only once, is of itself a matter of some conse-

quence, since, the maximum thickness of the Cretaceous being nearly 3000 feet and
that of the Weald 1.500 feet, even the partial coincidence in time of these masses
would, on Mr. CroU's calculation of 1 foot of deposit per thousand years, make
a considerable difference in tlie chronology, still more if the Carboniferous Lime-
stone be set against its probable contemporaries the Upper Old Red Sandstone and
Coal-Measures. Mr. Jukes's bold erasure of the Devonians was of itself a veiy im-
portant change in the chronological table ; and I doubt not others may yet be
achieved. But, it may be said, the Cretaceous still rests on the Wealden ; the ver-

tical thickness still remains. But is the ordinary method of estimating the thick-

ness quite reliable ? In some cases, as in the productive Coal-Measures, there is

tolerable uniformity ; but among the lower Coals and the Mesozoic strata, where the
strata or groups of strata are not regular, the maximum thicknesses of all are, as has
been already shown, apt to be taken ; and thus an aggregate more or less in excess
of the real thickness results.

But, recumng to an objection already referred to, arrange it as you like, you get,

say in Wales, a known thickness of 50,000 feet. But the rocks there are tilted; and
the absolute depth which they attain in this position isunkno^vn. In North Ame-
rica the Laurentians are estimated at 30,000 feet ; but though there is eveiy reason to

believe that they have not been covered to any extent with later deposits, the total

thickness of the sedimentary crust is, for the same reason as in Wales, imknown.
Bigsby has shown how varied are the surfaces on which the later deposits are laid

down ; how gxeat therefore must be the deductions from the sum total of maxi-
mum or even, average thickness of all formations before we approximate to the
actual thickness of sedimentary deposits at any one point. But take the actual
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tliiclmess in Wales as given in Jukes's Manual from the Survey data : for the Cam-
hrians we have from 2^000-28000 feet ; Silurians, Upper and Lower, not counting
breaks by unconformities, 20000. If denudation takes place at the rate of 1 foot
in 6000 years, and deposit at the same rate, we should have for the Silurians alone
120 millions of years needed. If, however, deposit takes place at the rate of 1 foot
in 14,400 years, 288 millions of years would be needed for the accumulation of the
surviving strata. It is obvious that the rate of deposit or denudation or both are
misunderstood. The stratified rocks equal in amount the material denuded ; if we
knew the total amount of denudation we should know, not merel)' the residuum
of rock open to our inspection, but the total amount of stratified deposits which had
been formed—or at least approximately ; for the deposit of materials removed is not
synchronous with their removal. Obviously these elements are not known, and
cannot be known, to us. Mr. Croll, who has investigated the question theoretically,

assumes that deposit and denudation take place in equal times, and assumes further
a uniform distribution over the whole or over a part of the sea-bottom. But Prof.
Geikie's table shows that, if we are to take averages as a safe guide, the land
is lowered at the rate of 2 feet in 6000 yeai*s. Moreover, if, as Mr. Croll points
out, deposit was less during the Glacial epoch, the process must have been more
rapid since ; and thus an iiTegularity is introduced which impairs the value of the
calculations. Prof. Hughes, in the brief abstract of his Royal-Institution address
which alone I have had the opportunity of seeing, contests the validity of any esti-

mates of time on the basis of our existing knowledge. 1 do not mean to enter into
this question ; but I may be allowed to remark that any conclusions founded on mean
thickness of sedimentary formations are of no value. It is not the time necessary
for the building-up of a mean thickness, but that necessary for the formation of the
maximum thickness in particular regions, which we have to consider.

If the Laureutian rocks and their equivalents are to be regarded as the earliest

stratified deposits, or, rather, if there is no reason for believing that they were pre-
ceded by other stratified rocks, the relation of Huxley's homotaxis to any classifi-

cation of strata having the Laurentians as a fixed point is worth investigating.
The universal dift'usion of species in the earlier strata was first the accepted creed
of geologists. Then it was denied, though the language of the earlier faith con-
tinued cm-rent. Again we return towards the doctrine of extensive simultaneous
diffusion, but under a very much modified form. The 'Challenger' reports bear
testimony to the wide distiibution of forms in the deepest oceans ; and when we
turn from these and compare the lists of fossil species so found widely distributed,
it appears that here again we have oceanic foims, or at any rate those found in such
limestones as are safely assigned to a deep-water origin. Ramsay has shown that
the continental epochs in Western Europe overlasted considerable periods of time.
The antiquity of the Atlantic and Pacific is certain ; even their primitive character
is possible. Thus there are two conditions, land and deep-sea, reasoning regarding
which must be quite difi'erent from that applicable to the intermediate conditions.
It is exactly these intermediate states which present practical and speculative
difficulty. Theories which account for mountains and oceans fail to explain the
" oscillations " which were wont to be appealed to when terrestrial and marine sur-
faces succeeded each other. But the assumed movement of the land is by no means
a certainty ; and, as in the kindred case of faults, we need terms which shall be neu-
tral, whether the land has moved upwards or the sea shiunk downwards. The
terms Palajozoic, Mesozoic, and Cainozoic have long held their places from the re-
luctance to disturb established nomenclature, as well as from the difficulty of in-

venting appropriate substitutes ; but if retained at all, we know now that the rela-

tions they represent are not the same for the terrestrial, the deep oceanic, and the
intermediate areas, any more than the life is the same under those three conditions.

I have once before called attention to a grave difficulty in the physical geography
of Scotland ; and as Mr. Seeley has since then raised the same question without ob-
taining an answer, I would again state the case, as one which seems to involve the
revisal of some definitions.

The Silurian hills of South Scotland are commonly said to have been covered by
Old Red Sandstone and even by Carboniferous strata—patches of these rocks being
met with on the south side of the fault which defines these hills, with their abrupt,
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coast-like margin seen from Edinburgh or from Symington station on the Caledo-

nian line. But the surface of these Silurians was denuded before the Old Red
times, as Mr. Geikie has showed. Nay, valleys existed as now, and in the same

positions as now. At the present time the rivers flow in identically the same

valleys, in at least the cases of theNith, the Annan, the Lauder, and the Liddell;

and the boundaries of the areas are so well known that we can safely assert no

buried channel to exist such as we find on the tributaries of the Clyde. That the

channels were occluded iu glacial times we may take for certain ; that the obstruc-

tion has been washed away and the courses cleared is equally certain. The surface-

contours were not materially altered : so that the retreating ice left hollows in the

position of the old valleys.
" But the case is quite ditterent when we deal with the

older rocks. Their succession is marked by unconformities and overlaps, which it

is impossible to picture as associated with full preservation of the surface-features

on which they were laid down ; and when the thickness comes to be as much as

1000 feet or more, and of that thickness a part at least made up of marine strata,

the relapse of all the streams to their old courses is an event of the highest impro-

bability. Mr. Topley has pointed out how the dip of strMa may under certain cir-

cumstances coincide with their thinning out to the margins of their area of deposit,

changes of angle in highly inclined strata pointing in the same direction. The
ordinary rule, of protracting strata and thus restoring their thickness over the adja-

cent high ground, is (iu the case at least of South Scotland) a method which imposes

on atmospheric denudation, even if aided by the sea, a most complicated task.

Had time permitted, it might have been interesting to note the changing phrase-

ology regarding faults, and the pertinacity with which phrases involving the most
unsatisfactory and improbable causation continues to be used. L peast and down-
cast, upthrow and downthrow, displacement upwards or downwards—these it may
be said are of small importance ; they are only symbols. But, in the first place,

they are mischievous so far as they give students confused ideas with which to

contend ; and, in the second place, the continued acceptance of loose phraseology is

peculiar to geology. Even in metaphysics, where the subject-matter is much more
conveniently discussed in ordinary language, new terms are employed to a great

extent. But, important as I therefore regard these terms from the teacher's point

of view, the greater importance attaches to the accuracy of the notions which
imderlie our language regarding the processes and rates of deposit and denudation.

So far as our present knowledge goes, we must accept it as certain that there is

some limit to the duration of the earth in the past. Neither philosophers nor as-

tronomers are agreed on the essential points of the problem ;
nor have they consi-

dered all the possible changes in the position of the earth's axis, and in the rate at

which the earth loses heat. The limits hitherto prescribed are so discrepant that

we cannot as yet accept any as fixed. Neither have geologists so accurate a know-
ledge of geological processes that they can speak with confidence either of the ab-

solute or relative rates at which rock-formation has advanced. The geologist has

hitherto asked for more time, not because he himself was awai-e of his need, but

from a generous regard for the difficulties in which his zoological brother found

himself when lie attempted to explain the diversity of the animal series as the

result of slowly operating causes. The geologist aslied for more time simply

because he could form no just estimate of what was needed for the physical processes

with whose results he was familiar. But palseontological domination is now at an

end ; and the increasing number of geologists who are also competent physicists

and matJiematicians seems to mark a new school, which will strive to interpret

more precisely the accumulated facts. Such at least seems the history of the past

fifteen or twenty years. Such seems the direction in which speculation now tends ;

and in the foregoing remarks I have endeavoured faithfully to represent the drift

of our science. To many here present much of what I have said is already familiar

;

I therefore give place to the more legitimate business of the Section, looking to

receive elsewhere " such censures as may be my lot."
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On the Physical Structure of the Highlands in connexion with their Geological

History. By His Grace The Duke of Argyll, K.T., F.R.S., F.G.S*

The questions dealt with by Geological Science have now become so vast and
various, that no one district of country can be expected to furnish illusti-ations of

more than a very few of them.
The West of Scotland, in the capital of which we are now assembled, is not rich

in deposits which illustrate the passage of animal life from the types that have
become extinct to those which are of more modern origin and which still survive.

No bone-caverns of importance have been discovered, and, with one exception,

even our river-gravels and estuarine deposits have not been especially productive.

That exception is, indeed, a great one. It was in this valley of the Clyde that the

late Mr. Smith, of Jordan Hill, first discovered those indications of an Arctic climate

recently prevailing which have ever since constituted a large and important branch
of geological inquiry, and the full interpretation of which still presents some of the

most curious and difficult problems with which we have to deal. But our Palaeozoic

areas, except the Coal Measures, are to a large extent singularly unfossiliferous.

Neither the Scottish Oolite nor Lias has yielded any remarkable additions to the

curious fauna of which in England and elsewhere they have yielded abundant
specimens.

But, on the other hand, perhaps no area of country of equal extent in any quarter

of the world presents more remarkable phenomena than the West of Scotland, in

connexion with those causes of geological change which have determined the
form of the earth's surface, and have given to its physical geography those features

of variety and beauty which are the increasing delight of civilized and instructed

men. We cannot descend the com'se of this river Clyde to the noble estuary in

which it ends without having presented to us mountain outlines and an intiicate

distribution of sea and land which raise questions of the highest interest and of

the greatest difficulty. From the northern shores of that estuary to Cape Wrath,
in Sutherland, the country is occupied mainly by rocks of Silurian age, but so

highly crystalline as to be almost wholly destitute of fossils, and so upheaved,
twisted, contorted, and folded into a thousand different positions, that, except in

one great section, it is most difficult to trace any persistent succession of beds. It

is one great series of billowy undulations traversed by glens and valleys, some of

which are high above tlie level of the sea, but many of which are now so deeply
submerged that through them the ocean is admitted far into the bosom of the
hills. These glens and valleys lie in many different directions ; but there are so many
with one prevalent direction as to give a general character to the map, a direction

from N.E. to S.W., or parallel to the prevalent strike of the Silurian rocks. The
shapes of the hills and mountains are not by any means wholly without relation to

geological structure—because in a thousand cases the sloping outlines will be found
to be determined by the inclination of the beds, and the precipitous or steeper out-

lines to be determined by the upturned or broken edges. In like manner there are

cases where a crumpled or knotted outline is the index of beds deeply folded and
contorted along anticlinal axes. But nevertheless there are also innumerable cases

wherp no such relation can be traced ; where the mountains seem to have been cut
out of some solid mass, all the rest of which has been removed by some agency
which left these grea,t fragments standing by themselves, and of which the con-
tours cut across the lines of structure at every variety of angle. Along the whole
western face of this country it is guarded from the open ocean by an archipelago

of islands, some of which are separated from the mamland by submerged valleys

no broader than those which separate one hill from another in the inland glens.

Many of these islands are wholly occupied by the debris and the outbursts of extinct

volcanoes. The mountains which are thus composed bear, in many cases, the
characteristic forms of lava-streams ; but many others are not readily distinguish-

able in outline from the mountains of wholly different material which are near
them. They reach the same general average level of height, here and there

rising into peaks very similar to others of a widely different age and of a widely

* Printed in full by order of the Council.
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different material. Moreover all the islands partake largely of the general character

of the m.ainland in having their deeper valleys submerged, and in being thu^

deepl}' indented by arms of the sea similar to those which give their peculiar out-

line to the adjacent coasts.

It may serve to bring more vividly before j'ou the facts of the physical geogTaphy
of this country (for which it is one of the duties of geologists to account if they

can) if I give you some statistical facts affecting the single county of Argyll,

which beg-ins on the northern shore of the Firth of Clyde. Follo^wing the coast-

line of that county from the head of Loch Long, which is its southern and
eastern boundary, to Loch Aylort, which is its northern and western boundary, and
including its islands, we find it measures no less than 2289 miles in length, of

which aoout 840 represent the sinuosities of the mainland, and 1449 represent

the coast-line of its larger islands. There are, besides, valleys which are now
inland, and are occupied by freshwater lakes which evidently, at a recent period,

were arms of the sea ; and these represent a further line of coast, measuring 27G
miles. There are 11 principal arms of the sea, each of them measuring from one

to six and thirty miles in length. Two of the.se arms of the sea exceed the 100-

fathom line in depth—Jjoch Fyno and the Linnhe Loch ; and it is very remarkable
tliat these deep soundings do not occur near the points where these lochs join the

more open sea,but, on Ihe contrary, far up their course orbed among the mountains.

The ridges dividing these and other vallej's vary in elevation from hills of Acry

moderate height to the range of Cruachan, which immcdiatelj' beyond the boundary
of the county culminates in Ben Nevis, which rears its head almost on a level

with Ben MaclJliui, now ascertained to be the highest summit in the British

Isles. But no statistics can give an idea of the intricacj' with which sea and land

are interfolded on our western coasts comparable with that which is gained by some
of the many beautiful vievrs which abound on the heights in the vicinitj- of Oban,
whence the visitor can command the entrance of Loch Etive, with the course for

many miles of the Linnhe Loch, of the Sound of Mull, the Sound of Kerrera, and
the Firth of Lome.
Now the question naturally arises—to what geological ages and to what

geological causes do we owe, in its main features, this curious distribution of land

and sea ? I say in its main features, because, of course, the more superficial

sculpturing of every moimtainous country is undergoing incessant modification;

and this modification may have been, and probably has been, very considerable

indeed within times which, geologically speaking, belong to the existing age. But
the question I put has reference to the epoch of past time, when the main outlines

of hill and valley were determined ; when the great mass of the country (which has

been, I believe correct]}-, identified as composed of metamorphosed Silurian beds)

was elevated into the various moimtain- chains which now constitute its charac-

teristic features.

If the question had been asked some five and twenty years ago, I should have
said that the evidence pointed to an age of great geological antiquity for the

central group of Highland mountains, in some shape very like that in which we
see them. All round the edges of the country tliere are the remains of the Old Red
Sandstone, which often fit into the contour of the valleys and have left fragments

in nooks and recesses of the hills. It would almost seem as if thej' had been the

•shores of the seas or great lakes in which that great system of deposits was laid

down, and that they lifted their heads above those waters in forms not whoUj''

unlike those in which we now see them. The total absence over almost the whole
country of any other or later rocks, the absence among the debris of any material

other than that of which the hills are themselves composed, would seem to confirm

tlie same general conclusion.

Some doubt, however, may seem to have been thrown on this conclusion, since

it has become certain that it cannot be true of at least one district of our western
moimtains, which is ne-\'ertheless closely related to all the rest, having the same
general elevation, partaking of the same general bend of coast-lines, cut up by
.similar valleys, and fitting into the same contom-s of denudation. The district to

which I refer is that of the volcanic islands which stretch from the south end of

Mull to the north end of Skye. Since the discovery, which I v>-as fortunate enough
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to make in 1851 , of the leaf-beds of Ardtiui, it has become clearly ascertained that

these islr.mls are the remains of volcanoes of that geological age to which an ever-

increasing interest seems to attach—that middle age of the great Tertiary division

of geological time to which Lj-ell g.ave the name of Miocene. The mountains of

Mull, and of Eigg, and of Rona, and of Skj'e, with all their valleys and intricate

lines of coast, have unquestionably an origin later than the Miocene—how much
later, is the question of j)liysical geography which geologists are called upon to solve.

It is possible, indeed, to suppose that the hills of the mainland might be of a very
different age from those of the adjacent islands ; and against this, until some two
yeai's ago, there would have been nothing to advance except the suspicious

similarity and adjustment between the two gToups, the coincidence of their out-

lines, and of the way in which they have been cut and carried. But the admii-able

researches of Mr. Judd, in 1(S74, have brought one little fact to light which speaks

volumes for the enormous changes which must have taken place since the volcanoes

of the Miocene over a portion at least of the Highland area, and which may,
therefore, have taken place over the whole of it. The land upon which the

Miocene vegetation flourished, and upon which the lava-streams of its volcanoes

were poured out, seems to have been for the most part a land consisting of Cre-

taceous and Secondary rocks. The fragments of that country which remain are

generally consistent with the supposition that they were deposited in a sea which
washed round the bases of the Highland mountains, but which never covered

them. Like the fragments of the Old Red Sandstone, the remains of the Secondary
rocks lie along the margins and fringes of the Sikn-ian hills. But Mr. Judd has
made the startling discovery of an outlier of the whole series of the Secondary
rocks, including representative beds of the Trias, Lias, Greensand, and Chalk, to-

gether with deposits, probably Lacustrine, all lying on the top of one of the moun-
tains of metamorphic gneiss which constitute the district of Morven. This fragment
has been preserved by having been covered by a sheet of lava from some great neigh-

bouring volcanic centre, the position of which is probably indicated by Ben More
in MuU. But the mass of volcanic trap which has covered up and preserved this

relic of the Cretaceous land is itself a fragment occupying the top of a mountain of

gneiss, separated from the remainder of the sheet of lava to which it belongs by
deep valleys, precisely similar to those which di\ ide the hills from each other

throughout the whole area of the Highlands. This position of an outlier of the

Cretaceous rocks on the summit of a mountain of gneiss is rendered still more
curious by the circumstance that in that position the beds are not tilted or in any
way apparently distm-bed. They are arranged horizontally, as if the ocean floor in

which they were deposited had occupied that level, or as if its deposits had been
lifted up over so large an area that any small section of that area could retain its

original horizontality. The Lower Silurian gneiss beds on which these Secondary
deposits have been laid are violently twisted and contorted ; and this structure

must have belonged to them when they constituted the floor of the Cretaceous

sea. The position of the Miocene basalts capping the Secondary deposits proves

that the whole mormtain, as a mountain, is of later date than the Miocene age

—

how much later we cannot tell ; and thus that the causes of geological change
which have cut up the coimtry into its present form, though they doiibtless began
in very remote epochs, have at least been prolonged into a comparatively late age

in the history of the globe.

It would, I think, be affectation to pretend that our science enables us to follow,

with any thing like distinctness of conception, the exact nature and sequence of

operations which through such a vast lapse of time have brought about the final

result. But I believe in something like the following general outline of events.

Mrst. That subsequent not only to the consolidation, but probably also to the

metamorphism of the Lower Silurian deposits, the whole area of the Western-
Central Highlands became an area of that kind of disturbance which arose from
lateral pressm-e due to secular cooling and consequent conti-action and subsidence

of the crust of the earth.

Second. That the crumpling, contortion, and tilting of the Silurian beds which
we now see arose fi'om that disturbance.

Third. That then were determined those great general lines of strike running
9*
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from N.E. to S.W. which are to this day a prominent feature in the physical

geof^aphy of the country.

Fourth. That during that period of disturbance, and as part of the movements
which tlien toolt place, the disturbed rocks fell inwards upon materials at a great

heat, which rose in a pasty state along the lines of least resistance, and thus

came to occupy various positions, sometimes intercalated among the sedimentary

beds.

Fifth. That to this period, and to this method of protrusion we owe some at

least of the masses of granitic material which are abundant in the Highlands. Iq

particular, that to this period belong the porphyritic granites on the northern shores

of Loch Fvne.
Sixth. That during the later ages of the Palaeozoic period, volcanic action

broke out at various points, accompanied by great displacement and dislocation of

strata, and that to this, with the denudation which followed, we owe much of the

very peculiar scenery of the south-western coasts, especially in the district of Lome
in Argyllshire.

Seventh. That we have no proof that the Central Highlands were ever imder

the seas which laid down the deposits of the later Palasozoic age.

Eighth. That such evidence as we have points ratlier to the conclusion that

they were not under those seas, since such fragments as remain of the Old Red
and of the Carboniferous rocks appear to have been deposited round the bases and
in the marginal hollows of the Silurian hills.

Ninth. That in like manner we have no evidence that the great mass of the

Western or Central Highlands was ever under the seas of the Secondary ages,

which on the contrary, appear to have deposited their sediment upon an area outside

of, but probably suiTOimding, the area of those Ceuti-al Highlands, and certainly

upon their north-eastern and western flanks.

Tenth. That the whole area of the Inner Hebrides and of the waters dividing

them, together with some portion of the mainland, as in Morven, was an area

occupied by Secondary rocks.

Eleventh. That in the Tertiary ages, probably in the Eocene, and certainly in

the Miocene, these rocks formed the basis of a great land of unknown extent, very

probably extending for a great distance both to the east and west of the present

coasts of Scotland, and embracing the north of Ireland.

Tioelfth. That this country became in the Miocene age, and possibly earlier, the

scene of great volcanic outbm-sts, which covered it with vast sheets of lava and
broke up its sedimentary rocks with every form of intrusive plutonic matter.

Thirteenth. That later in the Tertiary periods, and perhaps as late as the

Pliocene, this volcanic country was itself broken up by immense subsidences and
upheavals, giving both occasion and direction to the agencies of denudation and
to enormous removals of material.

Fourteenth. That this Tertiary country had been thus broken up and nothing
but its fragments left when the Glacial epoch began, and that the main outlines of

the country, as we now see it, had been already determined when glacial conditions

were established.

Fifteenth. That thus the work of the Glacial period has been simply to degrade
and denude preexisting hills and to deepen preexisting valleys.

Sixteenth. That during the Glacial epoch there was a subsidence of land to

the depth of at least 2000 feet below the level of the present sea, and again a
reelevation of the land to its present level.

Seventeenth. That this reelevation has not restored the land to the level it

stood at before the subsidence began, but has stopped greatly short of it ; and that

the deep arms of the sea or lochs which intersect the country, and some of the
deeper freshwater lakes, such as Loch Lomond, are the valleys still submerged
whieli at the beginning of the Glacial epoch where high above the sea and furrowed
the flanks of loftier mountains.

Eighteenth. That during the Glacial period the working of denudation and
degradation was done, and done only by ice, in the three well-known forms :—1st,

of true glaciers descending mountain-slopes ; 2nd, of icebergs detached from the
termination of these glaciers where they reached the sea ; and 3rd, by floe or
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sui'face ice, tlrivenbv currents which were determined indirection by the chang'ing'

contours of the land during the processes of submersion and reelevation.

It would be impossible on this occasion to illustrate or support these various

propositions b}' going into the evidences on which they rest. But as those of them
which relate to the operations of the txlacial epoch express a decided opinion upon
questions now involving much dispute, I must say a few words in explanation and
defence of that opinion.

It will be seen that I disbelieve altogether in the theory of what is called an
Ice-cap ; or, in other words, I hold that there is no evidence that there ever existed

any universal mantle of ice higher or deeper than all the existing mountains, cover-
ing them and moving over them from distant northern regions.

In the tii-st place, this theory presupposes conditions of climate which must have
prevailed universally over the whole northern hemisphere ; whereas over a great
portion of that hemisphere west of a certain meridian on the American continent,

all traces of general glaciation and of any general distribution of erratics disappear.

In the second place, the theory assumes that masses of ice lying upon the surface

of the earth, more than mountain-deep, would have a proper motion of their own,
capable of overcoming the friction not only of rough level surfaces, but even of the
steepest gradients, for which motion no adequate cause has been assigned, and
which has never been proved to be the natural consequence of any known force,

or to be consistent with the physical properties of the material on which it is

supposed to have acted.

In the third place, as a matter of fact there do not now exist anywhere on the
globe masses of ice which can be proved to have any motion of this kind, or to be
subject to forces capable of driving and propelling it in this manner and with the
etlects which the theory assumes. The case of Greenland, which is often referred

to as an example, does not present phenomena at all similar to those attributed to
the ice-sheet.

In the fourth place, all the phenomena of glaciation which are exhibited on the
mountain-ranges, including the distribution of erratics, can be adequately accounted
for by the three conditions or forms of moving ice which have been above
enumerated, and all of which are now in actual operation on the globe, nanielv :

—

ice mo\'iug, not up, but down mountain-slopes by the force of gravitation, and ice
floated by water and dri^^'en by cui-rents as icebergs or as Hoes.

In the fifth place, these phenomena of glaciation are essentially different from
those which would result from the motion of a universal ice-sheet, even supposing
it to have existed and supposing it to have had the (improbable) motion which ha«
been ascribed to it.

In the sixth place, and in particular, the mode in which erratics are distributed
and the peculiar position of perched blocks are demonstrative of the action
not of solid but of floating ice ; whilst the surfaces of rock, which have escaped
glaciation on one side and retain the deepest marks of it upon another, are
equally demonstrative of exposure to moving ice under conditions which did not
enable it to fit into the irregularities of surfaces over which it passed.

In the seventh place, the phenomena seem to me to prove that some of the
very heaviest work done by ice has been done towards the close of the Glacial
epoch—when the land was emerging again from out of a glacial sea, and when all

the currents of that sea, loaded with bergs and iloes, were determined entirely by
the outlines of the rising land.

In regard to the much disputed question of the glacial origin of Lake-basins,
the conclusion to which I have come is one which, to some extent, reconciles
antagonistic views. I do not, indeed, believe that glaciers can ever dig holes deep
under the average slope of the surface down which they move ; but, on the other
hand, they are the most powerful of all abrading agents in deepening their own
bed and cutting away the rocky surfaces which lie beneath them.

If valleys thus deepened by the long work of glaciers and glacier-sti-eams are
afterwards submerged along with the whole country in which they lay, and if that
submergence is accompanied by partial and unequal rates of sub.sidence, they
would inevitably become hollows into which the sei would enter, or in which
fresh waters would accumulate. In this sense, and in this way, it can hai'dly
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jidniit of a doubt that those lakes, which are nothing but submerged valleys, are due
in part to glacier action, although the other half of the causation on which they
depend is to be sought in the subterranean action of subsidence.

In conclusion, I would observe that although the feet of a great subsidence and a
reelevation of the land dmiug the Glacial epoch has been generally admitted to be
one of the facts of which there is the clearest evidence, it is nevertheless a fact

of which all the conditions and all the consequences have been most imperfectly

recognized.

"S^'ithout venturing to go so far back as to imagine the process of subsidence and
submergence, let us only think for a moment of that movement of reelevation

which has certainly been one of the very latest of the great movements of geological

change. K it took place very gradually or very slowly, it necessitates the supposi-

tion that every inch of our mountain-surfaces, up to at least 2000 feet, has been in

succession exposed to the conditions of a sea-beach. Yet where are the marks
upon them of such conditions ? We may suppose such marks to have been
generally obliterated by later subaerial denudation. But against this is to be set

the fact that the position and distribution of perched blocks and other erratics

deposited by floating ice demonstrate, in my opinion, that very little indeed of

such denudation has taken place since they were placed where we now see them.
I could take any of you who are interested in this question to a precipitous hill

near Inverary, some 1200 feet above the level of the se;i, from the top of which you
can look down on the masses of transported rock stranded upon its sides and base,

precisely as one might look down from the top of some dangerous reef in the

E
resent ocean upon the debris of a whole navy of ships shattered tipon it in some
urricaue of yesterday. There they lie—some more or less scattered, some heaped

upon and jammed against each other, with sharp angles and outlines wholly
unworn, and, moreover, so distributed that you see at a glance their strict relation to

the existing heights and hollows of the laud, which must here have been the shoals

and channels of tlie sea. These contours cannot have been materiall}^ changed
since that sea was there. It seems that it must have been tliere, geologically speak-
ing, only a very few days ago.

And this conclusion would seem to be confirmed when we observe the phenomena
which are present in certain cases where the laud has clearly rested for a consider-

able time and the ocean has left in raised beaches the evidence of its work at

certain levels. Such raised beaches are to be found at many points all round our
western coasts ; but incomparably the finest and most instructive example of
them is to be seen on the west coast of the island of Jura, near the mouth of Loch
Tarbi.>rt, Jura, and extending for several miles to tlie north. These beaches are

visible from a great distance, because then rolled pebbles are composed entirely of

the hird white quartzite of the Jura mountains, which resists disintegration and
is very imfiivourable to the successful establishment of vegetation. I visited these
beaches a few weeks ago, and, measuring the elevation roughly with a graduated
aneroid, I found that they represent three more or less distinct stages of subsidence,
one beach being about the level of .50 feet above the present sea, another about 75
feet, and a third at about 12.5 feet. Some others, which I saw only fi-om a distance,

appeared to be higher ; and I believe, but am not quite sure, that further to the
north they have been traced to the level of 160 feet.

But the feature connected with these sea-beaches, and especially with the
lowest or the 50-feet beach, is the evidence it affords, first, of the length of
time during which the ocean stood at that level, and secondly, and particularly,

of the very recent date at which it must have stood there. As regards tlie

length of time during which the ocean must ha-^-e stood there, it is sufficient

to observe the beautiful smoothness and roundness of the pebbles ; they have been
more thoroughly rolled and polished than the corresponding pebbles on the existing
shores, equalling in this respect the famous pebble-beds of the Chesil Beach at

Portland. Then, as regards the very recent date at whicli the ocean must have
stood there, it is difficult to give in words an adequate idea of the impression which
must be left on tlie mind of every one who looks at them. You see the curves left

by the sweep of the surf, the summit level of its force, aud the hollow behind that
summit which is due to the exliausted crest—all as perfect as if it had been the
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work of yestei'da}'. Is is difficult to conceive how ordinaiy atniospliei-ic agencies,

and even the tread of sheep and cattle, should not have broken such an arrangement
of loose material. But there are exc<iptionably f;\vourable circunistauces for the
preservation of these beds, from absence of considerable streams and the protec-

tion of surrounding- rocks. There is little or no evidence of glaciation anywhere
around ; and although it is certain that the sea which stood at those beaches so

recently was a sea subject to glacial conditions, it is equally certain either that it

continued to work there after those conditions had passed away, or, what is more
probable, that that particular line of coast v/as protected from the drift of surroinid-

ing ice-floes.

If, now, vre compare the evidence of recent action in these sea-beaches with the
similar evidence connected with the position of erratics at far higher levels, Avhicli

can only have been placed there by floating ice, I cannot help coming to the con-
clusion that the submergence and reelevation of the land to the extent of more
than 2000 I'eet above the level of the present ocean has been one of the very latest

changes in the history of this portion of the globe ; and, moreover, that the reeleva-

tion has been comparatively rapid, probably by lifts or hitclies of considerable

extent, and that there vvere few, if any, pauses or rests comparable in duration with
those recorded in the Jm-a beaches and in the cutting of the existing coasts.

Finally, let me repeat that whether this conclusion is correct or not (and I

am well aware of the many difficulties which siuTound it), the general fact of sub-
mergence and reelevation is, perhaps, as certain as any conclusion of geological

science, and that the consequences of it in accounting for the distribution of gravtds

and the most recent changes of denudation hare never as yet been worked out with
any thing approaching- to consistency or completeness.

On tJie Suh-Wealden Exploration. D)j Major Beatthoxt, M.P.

On the Granite of Strath-Erricl; Lough Ness. Bi/ James Bryce, LL.D.

The author described a granite tract a little distance from the shores of Loch
Ness, and near the Fall of Foyers. This fall took place originally over a cliff of Old
Red Sandstone, and this stone being of a soft character gradually wore away until

it formed a magnificent basin almost inaccessible at the bottom, and the action of

the water had also worn the rock back to the slate which came between it and the
granite. His .attention had been called to the Loch-Ness granite tract by hearing
that gold had been fomid in the lower valley of the Nairn, which passes through
this granite district, and he supposed it probable that the gold might have its

source in this granite tract in the same way as he had found the granite of Suther-
la.ud to be the true source of gold. After describing the limits of the gi-anite

tract, he pointed out a most remarkable circumstance connected v.-ith its history,

which was illustrated by a section in a glen above Innerfaricaig. Here this triple

granite rises from the valley in a direction sloping eastward, at first leaning against

the Old Red Sandstone, and ultimately, further east, regularly overlying it, the
nielamorphism being very remarkable throug-h about a foot of depth, and portions

of gi-anite being embedded in the Old Red. On the east side of the hill the Old Red
Sandstone was regidarly overlapped by gi-anite, the strata of the Old Red dipping
imder it at an angle of 32 degrees. The well-known vitrified fort on the top of

the hill contains both rocks highly vitrified. To the west of this another hill rises

composed at the base of OldRed, audits upper part consisting of conglomerate granite.

He called the attention of the Section specially to this conglomerate granite, and to

the evidence which the whole district afforded that tlie granite here was truly

iiTuptive, and not of that hydrothermal origin to which the gi-anites furtlicr east

have been ascribed. The only conglomerate granite similar to this with which he
was acquainted was one that he had visited some years ago at Forkhill, county
Armagh ; and he called attention, especially of Professor Hull, to the connexions
of these beds to the probable origin of a great irruption of granrto.
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Oil the Eai'tliquaTce Districts of Scotland. By James Brtce, LL.D.

On the Tidnl-Betardation Argument for the Age of the Earth.

By James Ckoll, LL.D., F.R.S., of the Geological Survey of Scotland.

Many years ago Sir William Thomson demonstrated from physical considerations

that the views which then prevailed in regard to geological time and the age of our
globe were perfectly erroneous. His two main arguments, as are well known,
were, first, that based on the limit to the sun's possible age, and, secondly,

that based on the secular cooling of the earth. More recently he has advanced a
third argument*, based on tidal retardation. It is well known that, owing to tidal

retardation, the rate of the earth's rotation is slowly diminishing, and it is therefore

evident that if we go back for many millions of years we reach a period when the
earth must have been rotating much faster than now. Sir William's argument is,

that had the earth solidified several hundred millions of years ago, the flattening

at the poles and the bulging at the eC[uator would have been much greater than
we find them to be. Therefore, because the earth is so little flattened, it must have
been rotating when it became solid at very nearly the same rate as at present.

And as the rate of rotation is becoming slower and slower, it cannot have been so

many millions of years back since solidification took place.

A few years ago I ventured to point outf what appeared to be a very obvious
objection to the argument, viz. that the influence of subaerial denudation in alter-

ing the form of the earth had been entirely overlooked ; and as the validity of the
objection, as far as I am aware, has never been questioned, I had been induced to

believe that the argument referred to had been abandoned. But I find tliat Pro-
fessor Tait, in his work on ' Recent Advances in Physical Science,' restates the
argument as perfectly conclusive, and makes no reference whatever to my objection.

As the subject is one of veiy considerable importance, I may be permitted again to

direct attention to the objection in question, which briefly is as follows :

—

It has been proved by a method pointed out a few years ago|, and which is now
generally admitted to be reliable, that the rocky surface of our globe is being lowered
on an average, by subaerial denudation, at the rate of about 1 foot in 6000 years.

It follows as a consequence from the loss of centrifugal force resulting from the
retardation of the earth's rotation, occasioned by the friction of the tidal wave,
that the sea-level must be slowly sinking at the equator and rising at the poles.

This of course tends to protect the polar regions and expose equatorial regions to

subaei-ial denudation. Now it is perfectly obvious that unless the sea-level at Ihe
equator has, in consequence of tidal retardation, been sinking during past ages at a
greater rate than 1 foot in GOOO years, it is physically impossible that the form of
our globe could have been very much different from what it is at present, whatever
may have been its form when it consolidated, because subaerial denudation would
have lowered the equator as rapidly as the sea sank. But in equatorial regions the
rate of denudation is no doubt much greater than 1 foot in 6000 j-ears, because the
rainfall is greater there than in the temperate regions. It has been shown in the
papers above referred to that the rate at which a country is being lowered by
subaerial denudation is mainly determined, not so much by the character of its

rocks as by the sedimentary carrying-power of its river-systems. Consequently,
other things being equal, the gi-eater the rainfall the greater will be the rate of
denudation.

We know that the basin of the Ganges, for example, is being lowered by denu-
dation at the rate of about 1 foot in 2-300 years, and this is probably not very far

from the average rate at which the equatorial regions are being denuded. It is

therefore evident that subaerial denudation is lowering the equator as rapidly as the
sea-level is sinking from loss of rotation, and that, consequently, we cannot infer

* Trans. Glasgow Geol. Soc. vol. iii. p. 1.

+ 'Nature,' August 21, 1871 ; 'Climate and Tirae,' p. 335.

t 'Philosophical Magazine,' May 1868, pp. 378-.384, February 1867, p. 130; 'Climate
and Time,' chap. xx. ; Trans. Glasgow Qeol. Soc. vol. iii. p. 153.
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fi'om the present form of our globe what was its form when it solidified. lu so far

as tidal retardation can show to the contrary, its form, when solidification took

place, may have been as oblate as that of the planet Jupiter.

There is another circumstance which must be taken into account. The lowering

of the equator by the transference of the materials from the equator to higher lati-

tudes must tend' to increase the rate of rotation, or, more properly, it must tend to

lessen the rate of tidal retardation.

On the Variation in Thickness of the Middle Coal Measures of the Wigan
Coal-field. By C. E. De Range, F.O.S., of H.M. Geological Survey.

From the Arley Mine, the lowest coal-seam of this series, to the Tnce-Yard Coal,

at Worthington, north of Wigan, the measures are 2200 feet in thickness, thinning

50 feet per mile to the S.W. to Prescot, where the measures are only 1445 feet in

thickness, and 57 feet per mile to the N.E. towards Burnley, where the measures

between the equivalents of these coals are only 1000 feet in thickness—proving

the Wigan coal-basin to be not merely a synclinal of subsidence, but one of deposition,

the axis of which was shown to have gradually travelled northwards in time from

the district of St. Helens to a point north of Wigan. The importance of arranging

colliery sections in a definite geographical direction, and the importance of noting

the occurrence of very thin coal-seams and horizons of fire-clay and of seams full of

Anthracosia, were insisted on as means of identifying equivalent coal-seams across

a district. Great lateral shifts were shown to have occmTed between many of the

great N.N.W. faults which traverse the Wigan district and divide it up into a

series of belts.

On Lahyrinthodont Remains fro77i the Upper Carboniferous (Gas- Coal)

of Bohemia. By Dr. Anton Feitsch,

The beds of gas-coal which are now being worked at so many localities, both in

Europe and America, serve not only to illuminate our chambers, but to throw fresh

light upon many branches of pal8eontoloo;ical science ; for these beds of gas-coal

have been found to yield a remarkably fane -fauna, especially rich in the remains

of Labyrinthodonts, fishes, and insects.

During the last five years, I have been so fortunate as to discover in Bohemia
two localities which afford us beautifully preserved relics of ancient life thus en-

tombed in the gas-coals.

One of these localities is Nyran, near Pilsen, in the western part of Bohemia ; the

other is Kounova, near Kakonitz, in the north-west of the country.

In both of these places the gas-coals are found to be situated on the top of the

Coal-measures proper, but beneath the true Permian deposits. The plants of these

beds are closely allied in character to those of the Coal-measures
;
but the animals

appear to be of Permian types.

I do not intend upon the present occasion to enter into a full enumeration and
description of these interesting fossils ; but I take the liberty of submitting to this

Section of the British Association series of specimens of casts and of plates of some
of these fossils which I have brought to this country for the purpose of comparing

them with the similar remains found in the British Coal-fields.

The first three plates exhibited contain enlarged drawings of very small Laby-
rinthodonts of the gi'oup called by Prof. Huxley JNIicrosauria. One of these, not

more than one inch (?) long, has the skeleton completely ossified.

The fourth and fifth plates are devoted to a large species of Luhjrinthodmi of

about 5 feet in length.

Among the specimens, the author drew attention to the teeth of a Ctenodm, of

which species the bony parts of the skull were found preserved.

Of the remarkable genus Diplodm a lower jaw with teeth served to show that

these latter are not, as was formerly supposed, the dermal spines of a Kay.

Among the insect-remains was observed a new species of Gatnsom/chm, speci-

mens of which cover the whole surface of some slabs of the rock. The restored
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drawing illustrated the enlargement of the seventh pair of appendages iu this species

into swimming-feet.
The species of Julus, called by the author J. conduns, shows how little the forms

of this genus have changed in the interval between Palasozoic and recent times.

The rich materials which are now accumulated in the Museum of Prague will

require for their illustration about oO or 40 plates iu the mouogTaph which the

author is now preparing on this very interesting vertebrate fauna.

On tlie Plvjsical Oeology and Geological Structure of Foula.

By Geokge a. Gibson, M.B., B.Sc. Edhth.

Taking up, in the first place, the physiographical geology of the island, iu con-

nexion with the agencies involved, the paper describes the coast scenery, and dwells

"upon the contrast between the low and rugged eastern side and the stupendous

cliifs which overhang the western sea. This striking difference is shown to be due

partlj" to the superior powers of resistance to weathering evinced by the materials

of the sandstone rocks as contrasted with the crumbling schistose masses, aud also

to the fact that iu the former the strata dip away from the cliffs.

The inland features are next taken up in detail. The five hills are found to bo

on the west side, three of them (Liorafield, the Sueug, and the Kauie, which, taken

by aneroid, reach 1000, 1250, and 1150 feet over sea-level) forming an axial chain,

w'hilst the other two (Soberly, CoO, and the Noup, 700 feet high) are distinct.

The last three are noticed as forming precipices from their summits sheer into the

sea, and all, except the Noup, whicli is dome-shaped, as having a conoid outline,

the steepest sides of which face the north and east. As the dip is S.S.W., these

hills are therefore held to have a contour in accordance with the empirical law,

noted above, that the strata dip away from the side wliich has the steepest slope.

The drainage is of course seen to be easterly.

The lithological character of the rock masses is then detailed, along with their

architectural features and stratigraphical relations. The eastern side is described

as composed of gneiss, very similar to that of Loch Maree, aud of mica-schist with
intruded veins of granite, having a strike from N.W. to S.E., agreeing therefore

wiXh the presumably Laurentian of Scotland ; this, however, is not to be regarded as

of great significance, on account of the v.ariable strike of similar rocks in Shetland.

The sandstone series is shown to be separated by a fault from the metamorphic
a-ocks, running from N.N.W. by N. to S.S.E. by S., and along which dislocation the

rocks are changed into hard quartz rock. There is described an unbroken succession

of sandstones and flags for two miles, at an average dip of more than 25°, whoso
thickness cannot bo estimated at less than 4400 feet.

No fossils having been discovered in these rocks, they are then compared in litho-

logical character and position with the other sandstones of Slietland. DitFerences

in composition and texture are pointed out to be due to altered conditions of depo-
sition, the Bressay and I^Twick flags aud sandstones belonging, with the Foula
beds, to the Old iled Sandstone of the Caithness series.

On the li^id Soil of Indict. By Dr. Gilchktst.

On the Strata and Fossils hetween the Borrowdaile Series of the Goniston Flacjs

of the North of England. By Prof. Hahkness, F.R.'S., and Prof. A. H.
NicnoLSON, M.D.

On the Upper Limit of tin essentially Manne Beds of the Cctrhoniferons

System of the British Isles, and the necessity for the esfahlishment of a

Middle Carboniferous Group). By Prof. Enw-iRD Hull, F.B.S., cjr.,

Director of the Geological Survey of Ireland.

In this paper the author endeavours to show the equivalent stagec throughoul
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the British Isl&s of the monibers of the Cavboniferoua system, and divides the whole
into successive stages from A to G, thus :

—

Stages. Name.
_
Localities.

G, Upper Coal-measm-es. • Lancashire, N. Wales.

F. Middle ,, England, Scotland, Ireland.

E. Lower ditto, or Gannister Beds. I'^nglaud, Wales, Ireland.

D. Millstone Grit. England, Scotland, Ireland.

C. Yoredale beds. England, Lower Coalfield of Scot-
land, Ireland.

B. Carboniferous Limestone. England, Ireland, Calciferous

A. Lower Carboniferous Slate, Sandstone of Scotland.

grits and conglomerates;

Lower Limestone Shale.

These beds are then identified, both by position and palisontological remains,

over the whole area, and lead to some important results. Kejecling the evidence

of fish- and plant-remains, which are inconclusive, the author finds that there is

a strong palffiontological distinction between stages E and F—the fauna of the one

(E) being essentially marine, that of the other (F) essentially estuariue or fresh-

water. The lists of species have been extracted from the memoirs of the Geological

Survey, the determination being those of the late Professor E. Forbes, Mr. Salter,

and Mr. Baily. The author of this paper is responsible for the determination of

the stratigraphical position of the beds from which the species have been obtained.

He finds tnat there are about 53 species of marine genera in stage E (Gannister

beds, or Lower Coal-measures)*, of which 33 come up from the Carboniferous

limestone, but only 4 or 5 pass up into the overlying stage F (Middle Coal-

measOTes), indicating a strong palKontological break.

Again, of 8 marine species found at rare intervals in stage F (Middle Coal-

measures), 4 are peculiar to this zone, and the remainder are common to it and
stage E. The remaining species belong to the genera Anihracosia, Anthracomya,

&c., which some authorities regard as of freshwater origin, others estuaiinej they

are probably either : these genera pass into stage G.

These differences, together with some of a stratigi-aphical nature, between stages

F and G on the one hand, and E, D, C on the other, are so striking that the author

submitted that they should be recogiaized in the classification of the beds ; and he
jiroposed to establisli a " Middle Carboniferous " division, to include all the stages

from the Yoredale (C) to the Gannister (E) inclusive. This stage would be
e.5Seutially marine ; while the term " Upper Carboniferous " would be restricted to

the stages F and G, which are shown to be estuariue or freshwater. The term
Lower Carboniferous would remain as at present, to designate the Carboniferous

Limestone and basal beds of the system, stages A and B.

The author has reason to believe, from information supplied by Professor Roemer,
of Breslau, that the marine stage E can be identified on the continent, both in

Belgium and Germany a band with Gonintites and Avicuhpecten occurring about
100 feet above the base of the Coal Measm-es, while, as we leam from Geinitz, the

mollusks of the Coal-formation generally belong to the genus Unio (Anthracosia),

so that this remarkable division, with its marine fauna, has had a range as wide as

the British Isles and Western Europe, and marks the upward limit of the essen-

tially marine conditions of the Carboniferous system.

On a Deep Borhifj for Coal at Scarle, near Lincoln. Communicated by

Professor Edwakd Hull, F.B.S.

This boring was undertaken about two years ago by a small company of Lincoln-

shire gentlemen under the advice of Mr. J. T. Boot, mining engineer, of Mansfield,

from whom I have received information and specimens constantly during the ope-
rations, besides having visited the locality in June 1875. The works have been
carried out by the Diamond Rock-boring Company, and specimens of the cores were
laid on the table.

* They have since been considerably added to.—February 1877.
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The total depth attained up to this time ia 2035 feet. The boring commences
n the Lower Lias at a spot about 6 miles south-west of the city of Lincoln, and
after traA-ersing the Lias, Rhsetic, Keuper, and Bunter beds, the Upper Permian
and Lower Permian, it entered the Carboniferous formation at a depth of 1901 feet,

the remainder of the section being in Carboniferous strata.

The general succession is as follows :

—

Depth. Thickness.

ft. ft.

AlluTium "
. 10 10

Lower Lias Clay 60 50
RhfeticBeds? .,.;»-•.?'''"'• 1^^? ^5?
-p- ( Marls .:;. v.: '/;:.-;•;-;;'.

. 706 sgi
*^^»¥^^

] Lower Sandstone •

'••'ii4'-

•

^^® ^*^^

Bunter Sandstone !?'.'.'."*.'.

.

1500 542
-p . j Upper Marls and Magnesian Limestone 1884 384
1 ermian

j Lower Sandstone 1900 1(5

f Grey grits with plants ; shales with

j

small bivalves {Anthracoda) 1955 55
Carboniferous J Bluish calcareous shales and earthy

Beds 1 limestone ....-„..-. ... ,,. 2030 65

I

Fine breccia •;'.. '.\ ;;.•.. .', 2024 4
[Chocolate-coloured hard clays 2030 6

The temperature at 2000 feet was 79° F., taken with one of Negretti's thermo-
meters supplied by Professor Everett, of Belfast. At a depth of 917 feet a strong'

feeder of water was encountered in the Lower Keuper Sandstone, and a still stronger

at 12-50 in the Bunter Sandstone, when the water rose 4 feet above the ground.
This water uncjuestionably percolates underground from a distance of 10 or 12

miles, where the beds crop out.

This boring is exceedingly interesting as giving the depth of the Carboniferous

rocks so far from the borders of the Nottinghamshire coal-field, and as giving the

thickness of the overlying formations ; but it has (unfortunately for the spii-ited

gentlemen who have undertaken it) not as yet produced any satisfactory results.

The Carboniferous beds are of so peculiar a character that I hesitate to attempt to

identify them with any particular division of the Carboniferous system. Mean-
while, as the boring is still being prosecuted, it is hoped that specimens of a more
definite nature may be brought up.

On Tertiary Basalt-rock Dykes in Scotland. By E. L. Jack, F.G.S.

On some New Minerals, and on Doubly-refracting Garnets.

By Dr. Von Lasatjlx.

The writer exhibited specimens of the new mineral which he terms melnnophla-

gite, in consequence of its peculiaiity of becoming black when heated before the
bloAvpipe. It occurs in very small cubic crystals, of pale brown colour, seated on
little scalenohedra of calcite, which are associated with the sulphm- and celestine

of Girgenti, in Sicily. According to analyses, melanophlagite contains 815-29 per

cent, of silica, 7'2 of sulphuric acid, or some acid of the thionic series not yet de-
termined, 2'8 of strontia, 2-86 of water, and small quantities of alumina and ferric

oxide. Dr. Von Lasaulx also exhibited specimens of his new species aerinite, and
several microscopic sections of garnets which exhibited double refraction. He
entered into an explanation of the causes of such optical irregularities in monometric
crystals, and referred them partly to the effects of tension, partly to chemical altera-

tion, and partly to complexity of structure, due to alternations of isotropic and
anisotropic minerals. Thus the variety of garnet called colophonite appears to be a

mixtm-e of true garnet and idocrase ; hence, whilst one part exhibits single refrac-

tion, another part shows double refraction.
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On the Changes affecting the Southern Extension of the Lowest Carboniferous

Bochs. Brj G. A. Lebottr, F.G.S.

In Scotland the lowest division of the Carboniferous series consists of the rocks

called "the Calciferous Sandstones" by Maclaren, and usually known in the

north of England as " Tuedian." Prof. Geilde has shown that the lower limit of

these rocks merges insensibly into the upper portion of the Old Red Sandstone series.

In England their upper limit seems to be equally indefinite, and runs in a kind of

lateraf dovetailing into the lower beds of the Carboniferous Limestone series or

" Bernician." It is this merging of Tuedian into Bernician which forms the subject

of the paper. Some remarks as to the terminology of the series followed, and also

a short account of the higher divisions of the Carboniferous as represented in the

north of England, pointing out especially that the mode of deposition there was

nearly of the same character from the base of the Millstone Grit to the Old Red
series, a slight and very gradual change from brackish to purely marine conditions

beino' the only one of a sufficiently marked and important character to be taken

into account. The author admits but two Carboniferous divisions—the Upper, con-

sisting of Coal-measures, G annister beds, and Millstone-grit; andthe Lower, inclu-

ding the Bernician or Carboniferous Limestone and the Tuedian or Calciferous

Sandstones.

On the Parallel Roads of Glen Roy. By J. Macpadzean.

On the Parallel Roads of Glen Roy. By Da\id Milne-Home, LL.D.

The object of the author in this paper was to notice the views of Dr. Tyndall

given in a Lectm-e on Glen Roy, delivered in the Royal Institution, London, on

21st June, 1876.

The author thought that Dr. Tyndall had allowed to himself too short a time,

viz. only two days, for an examination of the Lochaber district, as in that space it

was impossible to see more than a tenth part of the things which should be exa-

mined for a solution of the Parallel Roads problem.

Dr. Tjndall had apparently gone to the district with preconceived opinions in

favour of the glacier theory to explain how the lakes had been confined. His know-

ledge of the Swiss glaciers eminently qualified him to see on the spot whatever

could be urged in support of that view. But, after all, the residt of Dr. Tyndall's

inspection had only satisfied him that there was a " probability " of the correctness

of the glacier theory, though a probability so great as in Dr. Tyndall's opinion to

" amount to a practical demonstration of its truth."

To pave the way for the adoption of the glacier theory of lake-barriers, Dr. Tyn-

dall began his lectm-e by attempting to annihilate what seemed to him the only

other explanation worthy of notice, viz. that first suggested by Sir Thos. Dick Lauder,

and defended by Mr. Milne-Home, that the lakes were dammed by detrital blockage.

He states that this explanation may with safety be "dismissed as incompetent

to account for the present condition of Glens Gluoy and Roy."

Dr. Tyndall, however, seems to have supposed that no better support could be

given to the detrital theory except what was stated in Sir Thomas Lauder's paper,

published about sixty years ago, ignoring altogether what had been advanced in

support of the theory by later writes. He, for example, states that the detrital

barriers were supposed by Sir Thomas Lauder to have been heaped up by " some

unknown convidsion," a view which no one now suggests, and which Sir Thomas
himself never entertained.

What is stated in support of the detrital theory is, that a blockage existed at the

mouths of the glens, created by the detritus, which then filled the vftlleys, and

\\ hich reached even to tlie mountain tops at heights of nearly 2500 feet above the

sea. Dr. Tyndall admits the abundance of detritus at these heights, and even allows

that the Parallel Roads were formed on the detritus.

Glen Collarig sliows that the baiTier there must have been only 700 or 800 yards
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in length and about 300 feet in height, as the lakes in that Glen must have been
separated by a blockage of these dimensions.

Dr. Tyndall alleges that all the glens on the south side of Glen Spean were filled

with ice, whilst those on the north side were filled with water. But so far from
there being evidence of these valleys being filled with ice, it appears that they also

were occupied by lakes, the traces of which are still visible in old beach lines.

Even if there had been glaciers in Glens Treig and N'Eoiu, as suggested by Mr.
Jameson, it would have been impossible for these glaciers to have protruded tongues
long enough to have reached the places in Glens Hoy and Collarig where barriers

are required to have been.

On High-level Terraces in Carron Valley, County of Liiilitlujow,

By David Milne-Home, LL.D.

The river Carron runs into the Frith of Forth near Grangemouth. The princi-

pal tributary is the Bonny.
The whole of that district situated to the east of the Kilsyth and Gargunnoch

hills is covered with deep beds of gravel and sand. The sand occurs in beds, mostly
stratified and generally horizontal.

No marine fossils have been found in these drift-beds ; but the great probability

is that they are marine.

The first set of ten-aces occur at a height of about 140 to 150 feet above the sea.

Flats at that height occur on both sides of the valley some miles west of Falkirk

;

these flats slope towards the eastward, i. e. towards the sea, so that near Grange-
mouth they very little exceed 50 or 60 feet above the sea.

Terraces at a height of from 140 to 150 feet occur also in the upper parts of the
Carse of Stirling.

The second set of terraces occurs only along the banks of the rivers, and is at a
height in the Carron of about 35 feet, and in the Bonny of about 29 feet above the
present coiu'se of these rivers.

It is presumable that these haughs were formed when the Carron ran in a channel
about 27 feet above its present level, and when the Bonny ran about 23 feet above
its present level.

The formation of these haughs indicates that the rivers had run permanently in

channels at that height. The sea therefore, in sinking, had paused in the process,

and had stood at a height of about 24 or 25 feet above the present level.

This inference is confirmed by the fact of there being traces of an old sea-beach

at about that height visible along the coast of the Frith of Forth.

The pebbles in the gi-avel-beds of the district are generally fragments of the hard
porphyry rocks of the Gargunnoch and Kilsyth hills, situated to the westward.
They could have come from no other quarter.

On the Bagshot Peat-Beds. By W. S. Mitchell, LL,B.

On Circinnate Vernation of Sphenopteris afflnis from the Earliest Stage to

Completion ; and on the Discovery of Staphylopteris, a Genus new to British

Bods. By C. W. Peach, A.L.S.

The author stated that he had met with Sphenopteris qffitiis in the Carboniferous
" blaes " (shales) of an oil-shale pit at West Calder, near Edinburgh, in circinnate

vernation, and with it a curious form, apparently a Staphylopteris (?), new to British

rocks. Several species of this new genus have been found in Carboniferous rocks

by the officers of the Geological Survey of Illinois and Arkansas, in America; these

are figured and described by Leo Lesquereux in the Geological Transactions of those

States. The author stated that his difiered from all these, and thus, until more is

known about the British one, he had provisionally gi-\en it their generic name. 1
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On the Mountain Limestone of the West Coast of Sumatra. By Dr, T. E.omee.

On the liaised Beach on tJie Cuniberland Coast, between Whitehaven and Boir-

ness. Bi/ R. Hussell, C.E., F.G.S., and J. Y. Holmes, F.O.S., I/JI.

Oeolofficat Survei/, England and Wahs.

On the coast of Cimiberland, between Workington and Bowness, the remains of

an old sea-beach can be most distinctly followed, and south from the former place

there is abundant evidence to show that the elevation of the laud marked by this

raised beach affected the whole of this portion of the west coast of Cumberland.
The characteristic appearance which the raised beach presents is a flat of greater

or less width stretching inland—in some cases terminating at the base of a clifl", and
in other instances bounded by a flat from 4 to 5 feet below the level of the surface-

gravel of this old beach.

North of Workington we have an example of the former case, and at Silloth an
instance of the latter.

The surface of tliis flat is covered with a number of ridges approximately parallel

to the coast-line and to each other, and these ridges consist of sand and gravel par-

tially covered at various places along the coast with blown sand. This ridgy ap-
pearance is seen to be exactly like that portion of the present beach lying be-
tween the levels of the highest spring- and the highest neap-tides, where small
ridges of gravel are observed to be thrown up at the various difl'erent levels to which
the tide flows in the interval between the two periods above referred to. Tj'pical

examples characteristic of littoral" deposits are seen at Workington, Harrington,
St. Bees, and at numerous places along the coast.

The general resemblance between this upper teiTace and the present beach, even
in the absence of marine shells in the former, shows that the process of formation
in both cases must have been the same.

On the coast between AVorkington and AYhitehaven it exists in small isolated

patches, as at the north end of the ridge at Chapel Plill, at Harrington, at Partou,
and at AVhitehaven. From Worldngton northwards through Mar^-port to Brown
Rigg the line of an old sea-clift'is for the most part ver}' distinctly marked, at the

base of which occurs a flat of from 40 chains to 2 chains in breadth ; at Allonby
this flat is bounded by a gravel or shingle ridge; while from Silloth north to Grune
Point, and across Morecambe Bay, from Anthorn to the Solway Viaduct, the country
on the east of the old beach consists of a loamy plain, several feet below the level of

this beach, from 3 to 4 miles broad, and dotted here and there with a few patches
of sand and gravel.

The height of the raised beach is from 20 to 25 feet, rarely exceeding 30 feet above
the present sea-level. However the base of the old sea-clifF from Oyster Bank to

Totter Gill, north of Workington, is .about 40 feet above mean sea-level, and there
is no distinctive cliff" marking a 2o-feet beach ; it would therefore seem that after

the tirst upheaval the elevation continued to take place very gradually until 40 feet

was attained, the beginning of the period of elevation being indicated by the level

of the land at the base of this cliff', and its close bj' the present sea-level.

A consideration of the evidence to be obtained from Roman camps and other
remains along the coast seems to confirm the conclusion arrived at hy Mr. Milne-
Home in regard to the latest elevation of the land on the Scotch coasts, viz. that

it was prior to the Roman occupation of this country.

Notes on the Drifts and Boulders of the vpper part of the Valleii of the Wharfe^
Yorlshire. By Rev. E. Sewell, M.A., F.G.S., F.Jt.G.S.

It is evident that the Wharfe valley in many places must once have been filled

up to a certain height with gravelly drift and boulder-clays, containing a very
large quantity of Millstone-giit blocks, and that since then the river has exca-
vated a channel in the drift to the depth, in many places, of at least loO feet,
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Now if we suppose the gi-avelly drift to have heen deposited by the river Wharfe,
this must have taken place after the Glacial period, as it is clearly of newer date

than the two boulder-claj's. It would follow that the longitudinal slope of the

river-course and other conditions must first have been favourable to deposition, and
that afterwards the conditions changed, so as to enable the river to commence that

process of denudation, or carrying away, which is still going on.

While, however, it is somewhat difficult to conceive of postglacial changes so

great as these, necessitated by this theory of the fluviatile origin of the gravels,

we have no clear evidences of such changes having occurred since the final emer-
gence of the land above the glacial sea.

The rival theory that the gravels were deposited by the sea during the gradual

rise in the land accounts for their pell-mell and varied character, and for the exis-

tence of boulders lying at all angles. The latter may have been dropped from
floating ice which may still have lingered on the sm-face of the sea.

At a considerable elevation above the channels of the Aire and Wharfe, and
where there is little or no clay or gravel, many angidar and subangular boulders of

limestone may be seen resting on Millstone-gi'it. They have chiefly been trans-

ported from between the north and west, and in many instances they would appear
to have crossed the intervening valleys and ridges. Mr. Mackintosh mentions two
limestone erratics near the south-west corner of Embsay Moor, at an altitude of
about 1100 feet above the sea. They may likewise be seen on Barden Moor, and a
large number have been found at Barden Reservoir, about one mile south-west of

Barden Tower. A few small fragments of limestone may be found resting on the

Millstone-gi'it of Rombolds Moor, south of Ilkley, at a height of at least 1100 feet

above the sea.

On the east side of the Wharfe valley, near " Appletreewick," there is a hill,

consisting of Millstone-gi-it, called Symonds Seat (marked in the Ordnance Map
Earls Seat). On the side of this hill limestone fragments, which must have come
from the west or north-west, may be traced up to a height of 1200 feet above the

sea, but not to a greater height, as I lately ascertained.

At High Skyi-eholme, or Trollas Ghyll, about a mile to the north of this hiU,

are found a most interesting series of limestone-ravines, ranging east, north-east,

and south-east, whose almost perpendicular sides rise 300 feet, their summits being
not less than 150 yards distance from each other, 1200 feet above the level of the
sea. On their rugged bottoms are scattered vast numbers of huge blocks of Mill-

stone-grit in all directions.

The whole of this district is, geologically, exceedingly interesting.

The author believes it may now be regarded as a fact there are no erratics on the

eastern slope of the north Pennine Hills in the district under notice at a greater height
above the sea than 1200 feet. On the western slope it is well known that they have
reached a considerably greater altitude.

On the Upper iSilurian Rods of Lesmahagow. By Dr. R. Slimon.

On the Age, Fauna, and Mode of Occurrence of the Phosphorite Deposits of the

So^lth of France. By J. E. Taylor, F.O.S.

On Ridgy Structure in Coal, unth Suggestions for accounting for its Origin.

By Prof. James Thomson, F.R.S.E.

Further Illustrations of the Jointed Prismatic Structure in Basalts and other

Igneous Rocks. By Prof. James Thomson, F.R.S.E.
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On cei-tain pre-Carhoiiiferoas and Metamorphosed Trap-dyhes and the Asso-

ciated Hocks of North Mayo, Inland. By William A. Traill, M.A.I.,

F.E.6.S.I., H.M. Geological Survey of Ireland.

The author first described the locality in North Mayo lying between Downpatrick
Head and Broad Ilaveu, and referred to the geological map of Sir Richard
GrilBth.

The physical features presented precipitous coast sections at Keady Point 352
feet high, and at I^euwee Head 829 feet high, in bold and perpendicular headlands.

The geological t'ormatious comprising the older or metamorphic rocks lying to the

westward consist of flaggy quartzites and micaceous schists, often much contorted

and overlapped. The newer or Carboniferous rocks extending from the Glenglassera

river eiistward, with a primary dip E.N.E. at low angles, comprise white, yellow,

and red sandstones, vrith green and red shales, and limestone b.mds and beds
further eastward.

These Lower Carboniferous sandstones rest uncouformably on the metamorphic
rocks, which is best seen along one side of a fault at Fohernadeevaun, at the mouth
of the Glenglassera river. The basal bed of the Carboniferous strata is a con-
glomerate of from 1 to 4 feet in thickness, merging into the overlying sand-
stone beds.

With all due deference to the author of the geological map referred to, the presence

of the baud of 1 )evonian rocks, as there represented, intermediate between the meta-
morphic and Carboniferous rocks, was called in question and regarded as not
existing in that locality.

The inlrusive igneous rocks of the district, though much resembling each other,

and both belonging to the basaltic type, were shown to belong to two distinct

epochs with regard to their time of formation, and also to possess characteristic

distinctions.

The older set are undoubtedly of pre-Carboniferous age, as unmistakable frag-

ments are found in the basal conglomerate of the Carboniferous rocks, and they
seem to have existed before and to have been metamorphosed with those beds
among which thej' had been intruded. They largely penetrate the metamorphic
rocks, but are not found witliiu the area of the Carboniferous strata. They occur

chiefly in sheet-like dykes up to 150 feet in thickness, and are often contorted with
the beds they penetrate, though apparently the cause of some of the minor crump-
lings. They are seldom hexagonal, spheroidal, or amygdaloidal in structure.

As examples of these, specimens were exJiibited and detailed descriptions given
of dykes on I5eniuore and Gleucalry, at 13elderg Harbom-, and Laghtmurragha,
showing the effects of the metamorphic action iipon them, viz. the change from a
hard splintery iidcrocrystalline basalt towards the centre, to a fibrous hornblendic
schistose rock, vv'ith soft green chlorite and nests of green chloritic mica, the ex-
terior becoming very schistose, platy, and micaceous, resembling a mica-schist ; in

part, theso might be considered diabases. The felspar is plagioclastic and has a cha-
racteristic white weathering in crystalline mottliugs through the greenish base.

The adventitious minerals frequently present are mica, chlorite, epidote, garnets,

hornblende, quartz, calcite, varieties of felspar, and iron pyrites.

The newer set, or post-Carboniferous dykes, are probably of Tertiary age, and
seem to fill cracks or tissiu-es or lines of faults. They are basalts mostly in vertical

dykes, and always cut the sheet-like dykes, and are frequently hexagonal, sphe-
roidal, or amygdaloidal in structure, and usually bear W.N.VV. and E.S.E., and
seldom exceed 25 feet in width. By their decomposing they separate many of

the small islands from their respective headlands by narrow precipitous gullies, or
form chasms into the cliifs : one of these clefts has vertical walls over 450 feet

high, and in part does not exceed some 10 feet in width; this same fissure also

cuts off some four islands from their adjacent headlands, the view down which is

almost unique.

On the Sub-Wealden Rrploration. By H. Wtllktt, F.G.S.
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Recent Researches into the Organization of some of the Plants of the Coal-

measures. By Professor W. C. Williamson, F.ll.tS.

In bringing the subject before the Geological Section the author chiefly aimed
at demonstrating the structural identity of Calamites and Calamodendron and of

Lepidodetidron and Sigillaria. The stems of Calamites described in his first

memoir published in the 'Philosophical Transactions ' were very young ones, in which
the highly distinctive Oalamitean organization was well preserved, and in one of
which the vascular cylinder, composed of a ring of detached woody wedges, was
enclosed in a thin parenchymatous imdifferentiated bark. He now exhibited a series

of specimens, beginning with one less than ^^ inch in diameter, in which the vas-
cular cylinder was represented by little more than a circle of the canals, one of

which is located at the inner angle of each vascular wedge, and in which tjie bark
was thin imditierentiated parenchyma. From this starting point, the author passed
through a series of intermediate examples up to one in which a large pith was sur-

rounded by a cylinder of vessels having a circumference of 15 inches, and which in

turn was enclosed within a bark 2 inches in thickness. The outer portions of the
vascular cylinder had lost most of the special arrangements of its tissues so charac-

teristic of young stems, which were now modified into a mass of thin radiating vas-

cular wedges, separated by equally thin medullary rays, the condition being almost
identical at the nodes and at the internodes. T"he tark also is now differentiated

into two layers, an inner parenchyma and a thick outer prosenchyma, the cells of

the latter assuming the prismatic type. There is little or no doubt that externally

to this the living plant possessed at least a third layer of parenchyma not preserved

in the author's specimen.

A series of sections was then exhibited, demonstrating the erroueousness of
Bronguiart's distinction between Lepidodendron and Siyillaria. The author had
previously pointed this out in the case of the Lcpidodei.dra chaiacteristic of the
lowermost Carboniferous rocks obtained from the Burntisland deposit. He now
showed that it was equally true of the common L. selayinoidcs of the Upper Coal-
measures, whilst L. hnrcouriii has only the structure long ago described by Brong-
niart, viz. an inner vascular cylinder not developed exogeuously. All the other
Lepidodendra referred to possess an outer exogenous cylinder such as Bronguiart
believed to be characteristic of Sitjillaria, and which exists in the Anahathra of
Witham and tlie Diploxijlon of Corda. The author thus concludes tliat the Lepi-
dodendron harcourtii represents the lowest degi-ee of development seen amongst the
Lepidodendra, as isigillaria exhibited the highest, whilst the Lepidudcndrcn selagi-

noides of the Middle Coal-measures occupies an intermediate position.

On the Junction of Ghranite and Old Red Sandstone at Corrieand GlenSannox,
Arran. By E. A. WiJNscH, F.O.S.

The object of this paper is to show by specimens and diagrams that the rock

intervening between the granite and the stratified rocks on the nortli-east coast of

Arran is not, as held by Professor Kanisay and Dr. Bryce, a band of slate. There
8 no slate in all Glen Sannox, nor as far south as Brodick Castle. The sedimentary
rocks, Old Red and Carboniferous, cropping upon the shore, retain in a remarkable
manner the same general dip, the initial direction of which is given to them by
the great anticlinal axis of mid Sanuox, and abut right against the granitic nucleus

of the island.

As we approach the junction, at a height of about 800 feet from the sea-level,

the angle of inclination becomes more highly inclined, and the hitherto clearly

stratified beds assume a granitoid structure.

At the point of cont,act the Old Red iSaudstone is so altered as to resemble slate,

and was mistaken for such and circumstantially mapped down as an extensive

band of slate by Dr. Bryce ; but no one can mistake the real character of the rock

if he begin his examination in the bed of the burn, about 60 yards below the

junction, where the Old Red Sandstone is seen exposed in its unaltered state, fine-
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grained and of the usual deep red colour, dipping S.E. at an angle of about 45°;

and starting from this point the griidually altered character of the rock becomes

apparent every few yards as we proceed towards the junction.

The first appearance of change is shown in a series of chocolate-coloured rocks

with greenish veins and streaks traversing them ; and as these become more indu-

rated they turn lighter in colour, and take on a beautifully mottled appearance,

closely resembling variegated marble, and finally, within a few yards of the junc-

tion, the rock turns dark grey or almost black. The actual contact is beautifully

seen on the almost perpendicular face of the rock, under a waterfall formed by the

small burn Howing over the lip of the Come south of the grand peak of Ciod-na-

oigh.

Identically the same appearances are observed when ascending up to the granite

in the bed of the " White Water," the falls of which form a conspicuous landmark
on the hillside above Oorrie.

The author made these two points typical, and his specimens and diagrams re-

ferred to them ; but numerous other sections are laid bare in the small bums and
ravines intersecting tlie hillside, and bear out the same conclusions.

The author showed a diagram from Oon'ie to the White Water, showing that if

it were not for the extensive denudation that has taken place we shoidd probably

see the Carboniferous rocks abutting against the granite, as they must originally

have done. lie also gave an enlarged copy of Dr. Bryce's map of the localities

referred to, accompanied by a dtiplicate map of the same localities and on the same
scale, with the supposed slate replaced by the Old Red Sandstone. In Glen Sannox
burn the junction appears to take place by contact of the granite with the ma.ssive

Old Red conglomerate, and he was able to exhibit specimens quarried out of the

bed of the burn showing large rounded quartz pebbles in a state of semifusion and
the matrix of the rock traversed by alternate black bands and streaks and white
seuiigrauitic veins and patches; but though the actual junction must be within a

few yards of the spot where he quarried, he was unable to lay it bare, owing to the

deep water and the mass of gravel and sand in the bed of the burn.

lie also mentioned that everywhere at the point of contact with the Old Red
Sandstone the granite is delicately mottled or clouded (as shown by his polished

specimens), as if the black tilui of the absorbed mass had remained floating and
become lixed in the white pasty mass. And this appearance he holds is in itself

sulhcient to point to a junction of granite with rock other than slate ; for though
innumerable instances may be seen in other parts of the island of junctions of

granite witli true slate, in not a single instance is the adjoining granite atl'ected

in this particular manner.

On Siliceous Sponges from the Carboniferous Limestone near Qlasgow.

By John Young, F.G.S.

The author exhibited a series of mounted specimens of sponge-spicula re-

cently obtained from a deposit of rotted limestone filling fissures in the Carbo-
niferous Limestone series at Cunningham Bedlaud, near Dairy, Ayrshire. He
stated that the discovery of the spicules was due to the investigation of the
deposit by Mr. John Smith, of the Geological Society ot Glasgow. lie was not
aware of similar sponge-spicules having been found in any other Carboniferous
Limestcme district within the British Isles, and their abundant occurrence in this

deposit testified to the e.\istence of sponges witli large siliceous spicula over this

tract of the Scottish Carboniferous sea-bottom.
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BIOLOGY.

Address by Alfred Russel Waixace, F.R.G.S., F.L.S., President of the

Section.

The range of subjects comprehended within this Section is so wide, and my
own acquaintance with them so imperfect, that it is not in my power to lay

before you any general outline of the recent progress of the biologisal sciences.

Neither do I feel competent to give you a summary of the present status

of any one of the great divisions of our science, such as Anatom}^, Physiology,

Embryology, Histology, Classification, or Evolution—Philology, Ethnology, or

Prehistoric Archaeology ; but there are fortunately several outlying and more or

less neglected subjects to which I have for some time had my attention directed,

and which I hope will fui-nish matter for a few observations of some interest to

biologists, and be at the same time not unintelligible to the less scientific members
of the Association who may honour us with their presence.

The subjects I first propose to consider have no general name, and are not easily

grouped under a single descriptive heading ; but they may be compared with

that recent development of a sister science which has been termed Surface-

geology or Earth-sculpture. In the older geological works we learnt much about

strata, and rocks, and fos?ils, their superposition, contortions, chemical constitution,

and affinities, with some general notions of how they were formed in the remote

past; but we often came to the end of the volume no whit the wiser as to how
and why the surface of the earth came to be so wonderfully and bcauti-

fullv diversified ; we were not told why some mountains are rounded

and others precipitous ; why some valleys are wide and open, others narrow and

rocky; why rivers so often pierce through mountain-chains; why mountain

lakes are often so enormously deep; whence came the gravel, and drift, and

erratic blocks so strangely spread over wide areas while totally absent from

other areas equally extensive. So long as these questions were almost ignored,

geology could hardly claim to be a complete science, because, while professing to

explain how the crust of the earth came to be what it is, it gave no intelligible

account of the varied phenomena presented by its surface. But of late years these

surface-phenomena have been assiduously studied ; the marvellous effects of denu-

dation and glacial action in giving the final touches to the actual contour of the

earth's surface, and their relation to climatic changes and the antiquity of man,

have been clearly traced, thus investing geology with a new and popular interest,

and at the same time elucidating many of the phenomena presented in the older

formations.

Now just as a surface-geology was required to complete that science, so a surface-

biology was wanted to make the science of living things more complete and more
generally interesting, by applying the results arrived at by special workers to the in-

terpretation of those external and prominent features whose endless variety and beauty

constitute the charm which attracts us to the contemplation or to the study of nature.

The descriptive zoologist, for example, gives us the external characters of ani-

mals ; the anatomist studies their internal structure ; the histolog'st makes known
to us the nature of their component tissues; the embryologist patiently watches

the progi'ess of their development ; the systematist groups them into classes and

orders, families, genera, and species ; while the field-naturalist studies for us their

food and habits and general economy. But till quite recently none of these earnest

students, nor all of them combined, could answer satisfactorily, or even attempted

to answer, many of the simplest questions concerning the external characters and

general relations of animals and plants. Why are fiowers so wonderfully varied

in form and colour? what causes the Arctic fox and the ptarmigan to turn white

in winter ? why are there no elephants in America and no deer in Auslriilia?

why are closely allied species rarely found together? why are male animals so

frequenth' bright-coloured? why are extinct animals so oltcu larger tjian tho.se

which are now living? what has led to the production of the gorgeous train of

the peacock and of the two kinds of flower in the primrose ? The solution of
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these and a hundred other problems of like nature was rarely approached by the
old method of study, or if approached was only the subject of vague speculation.

It is to the illustrious author of the ' Origin of Species ' that we are indebted for

teaching us how to study nature as one great, compact, and beautifully adjusted
system. Under the touch of his magic wand the countless isolated facts of internal

and external structure of living things—their habits, their colours, their develop-
ment, their distribution, their geological history,—all fell into their approximate
places; and although, from the intricacy of the subject and our very imperfect
knowledge of the facts themselves, much still remains uncertain, yet we can no
longer doubt that even the minutest and most superiicial peculiarities of animals
and plants either, on the one hand, are or have been useful to them, or, on the
other hand, have been developed under the influence of general laws, wliicli we
may one day understand to a much greater extent than we do at present. So
great is the alteration effected in our comprehension of nature by the studv of
variation, inheritance, cross-breeding, competition, distribution, protection, "and
selection—showing, as they often do, the meaning of the most obscure phenomena
and the mutual dependence of the most widely-separated organisms—that it can
only be fitly compared with the analogous alteration produced in our conception of
the universe by Newton's grand discovery of the law of gravitation.

1 know it will be said (and is said) that Darwin is too highly rated, that some
of his tlieories are wholly and others partially erroneous, and that he often builds

a vast superstructure on a very uncertain basis of doubtfully interpreted I'acts. Now,
even admitting this criticism to be well founded—and I myself believe that to a
limited extent it is so—I nevertheless maintain that Darwin is not and canuot be
too highly rated ; for his greatness does not at all depend upon his being infallible,

but on his having developed, with rare patience and judgment, a new system of
observation and study, guided by certain general principles which are almost as

simple as gravitation and as wide-reaching in their eii'ects. And if other principles
should hereafter be discovered, or if it be proved that some of his subsidiary theoi-ies

are wholly or partially erroneous, this very discovery can only be made by "following

in Darwin's steps, by adopting the method of research which he has taught us, and
by largely using the rich stores of material which he has collected. The ' Origin
of Species, ' and the grand series of works which have succeeded it, have revolu-
tionized the study of biology : they have given us new ideas and fertile principles

;

they have infused life and vigour into our science, and have opened up hitherto
unthought-of lines of research on which hundreds of eager students are now la-

bouring. Whatever modifications some of his theories may require, Darwin mast
none the less be looked up to as the founder of philosophical biology.

As a small contribution to this great subject, I propose now to call your atten-
tion to some curious relations of organisms to their environment, which seem to me
wortliy of more systematic study than has hitherto been given them. The points
I shall moi-e especially deal with are—the influence of locality, or of some unknown
local causes, in determining the colours of insects, and, to a less extent, of birds

;

and the way in which certain peculiaiities in the distribution of plants may have
been brought about by their dependence on insects. The latter part of my address
will deal with the present state of our knowledge as to the antiquity and early his-

tory of mankind.

On some Behitmis of Livimj Things to their Environment.

Of all the external characters of animals, the most beautiful, the most varied, and
the most gener.ally attractive are the brilliant colours and strange yet often elegant
markings ^yith which so many of them are adorned. Yet of all characters this is

the most difficult to bring under the laws of utility or of physical connexion. Mr.
Darwin—as you are well aware—has shown how wide is the influence of sex on
the intensity of coloration ; and he has been led to the conclusion that active or
voluntary sexual selection is one of the chief causes, if not the chief cause, of all

the variety and beauty of colour we see among the higher animals. This is one
of the points on which there is nuich divergence of opinion even among the siip-

porlers of Mr. Diirwin, and one as to which T myself difler from him. I liave
argued, and still believe, that the need of protection is a far more efficient cause of

1S76. 11
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variation of colour than is generally suspected ; but tliore are evidently other causes
at work, and one of these seems to be an influence depending strictly on locality,

whose nature we cannot yet understand, but whose effects are everywhere to be
seen when carefully searched for.

Although the careful experiments of Sir John Lubbock have shown that insects

can distinguish colours—as might have been inferred from the brilliant colours of
the flowers which .are such an attraction to them—yet we can hardly believe that
their appreciation and love of distinctive colours is so refined as to guide and regu-
late their most powerful instinct—that of reproduction. We are therefore led to

seek some other cause for the varied colours that prevail among insects ; and as

this variety is most conspicuous among butterflies—a group perhaps better known
tlian any other—it offers the best means of studying the subject. The variety of
colour and markingamong these insects is something marvellous. There are probably
about ten thousand different kinds of butterflies nowlaioviTi, and about ban of these

are so distinct in colour and marking that they can be readily distinguished by this

means alone. Almost everj' conceivable tint and pattern is represented, and the
liues are often of such intense brilliance and purity as can be equalled by neither
birds nor flowers.

Any help to a comprehension of the causes which may have concurred in bring-
ing about so much diversity and beauty must be of value ; and this is my excuse for

lajing before you the more important cases I have met with of a connexion between
colour and locality.

Our first example is from tropical Africa, where we find two unrelated groups of
butterflies belonging to two very distinct families (Nymphalidre and Papilionidaa)
characterized by a pi-evailing blue-green colour not found in any other continent *.

Again, we have a group of African Pierida} which are white or pale yellow with a
marginal row of bead-like black spots ; and in the same country one of the Lycfenidne
(Leptena erasius) is coloured so exactly like these that it was at first described as

a species of Pieris. None of these four groups are known to be in any way speci-

ally protected, so that the resemblance cannot be due to protective mimicry.
In South America we have far more strilring cases ; for in the three subfamilies

DanaincB, Acrames, and Helicominee, all of which are specially protected, we find

identical tints and patterns reproduced, often in the greatest detail, each peculiar
type of coloration being characteristic of distinct geographical subdivisions of the
continent. Nine very distinct genera are implicated in these parallel changes

—

Lycorea, Ceratinia, Mechanitis, Ithomia, MeUiKea, Tithorea, Acraa, HeUconiiis, and
Eueides, gi-oups of three or fom- (or even five) of them appearing together in the
same livery in one district, while in an adjoining district most or all of them undergo
a simultaneous change of coloration or of marlnng. Thus in the genera Ithomia,
Mechanitis, and Heliconius we have species with yellow apical spots in Guiana, all

represented by allied species with white apical spots in South Brazil. In Mecha-
nitis, 3Ielin(ea, and Heliconius, and sometimes in Tithorea, the species of the
Southern Andes (Bolivia and Peru) are characterized by an orange and black livery,

while those of the Northern Andes (New Granada) are almost always orange-yellow
and black. Other changes of a like nature, which it would be tedious to enumerate,
but which are very striking when specimens are examined, occur in species of the
same groups inhabiting these same localities, as well as Central America and the
Antilles. Tlie resemblance thus produced between widely different insects is some-
times general, but often so close and minute that only a critical examination of
structure can detect the difference between them. Yet this can hardly be true
mimicry, because all are alike protected by the nauseous secretion which renders
them unpalatable to birds.

In another series of genera {Catagramma, CaUithea, and Ai/rias), all belonging to
tlie Nymphalidse, we have the most vivid blue ground, with broad bands of orange-
crimson or a different tint of blue or purple, exactly reproduced in corresponding,
yet unrelated species, occui-iing in the same locality

;
yet, as none of these gi-oups

are protected, this can hardly be true mimiciy. A few species of two other genera

* Bo7nalcosoina and Euniphcne (Nymphalidre), PajMlio s:almo.ris and several species of
the iViVfws-group (Papilionid.-B).

1
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in tliG same country {Eunica and Siderone) also reproduce the same Colours, but
with only a general resemblance in the marking. Yet, again, in Tropical America
we liave species of Apatura which, sometimes in both sexes, sometimes in the

female only, exactly imitate the peculiar markings of another genus (Ileterockroa)

confined to America : hei'e, again, neither genus is protected, and the similarity

must be due to unknown local causes.

But it is among islands that we find some of the most striking examples of the
influence of locality on colour, generally in the direction of paler, but sometimes of

darker and more brilliant lines, and often accompanied by an unusual increase of

size. Thus in the Moluccas and New Guinea we have several Papilios (P. eucheno);

P. onnenus, and P. fydetts) distinguished from their allies by a much paler colour,

especially in the females, which are almost white. INfany species of Danais
(forming the subgenus Ideopsis) are also very pale. But the most curious are the
Euploeas, which in the larger islands are usually of rich dark colours, while in the
small islands of Banda, Ke, and Matabello at least three species not nearly related

to each other {E. hoppferi, E. enripon, and E. assimilata) are all broadly banded or

suffused with white, their allies in the larger islands being all very much darker.

Again, in the genus Diademn, belonging to a distinct family, three species from
the small Aru and K6 islands {D. deuis, D. heicitsoini, and I). 2}oli/me»a) are all

more conspicuously white-marked than their representatives in the larger islands.

In the beautiful genus Cethosia, a species from the small island of Waigiou (C
cyrene) is the whitest of the genus. Protho'e is represented by a blue species in

the continental island of Java, while those iuhabitiug the ancient insular groups
of the Moluccas and New Guinea are all pale yellow or white. The genus Driisilla,

almost confined to these islands, comprises many species which are all very pale
;

while in the small island of Waigiou is found a very distinct genus, Hyantis, which,
though diifering completely in the neuration of the wings, has exactly the same
pale colours and large ocellated spots as DrustUa. Equally remarkable is the fact

that the small island of Amboina produces larger-sized buttei"flies than any of the
larger islands which surround it. This is the case with at least a dozen butterflies

belonging to many distinct genera*, so that it is impossible to attribute it to other
than some local influence. In Celebes, as I have elsewhere pointed outf, we have
a peculiar form of wing and much larger size running through a whole series of
distinct butterflies ; and this seems to take the place of any speciality in colour.

From the Fiji Islands we have comparatively few butterflies ; but there are

several species of Diadema of unusually pale colours, some almost white.
The Philippine Islands seem to have the peculiarity of developing metallic colours.

We find there at least three species of Eiiplcea J not closely related, and all of more
intense metallic lustre than their allies in other islands. Here also we have one of
the large yellow Ornit/iopterce (0. 7nageUanus), whose hind ^;\ings glow with an
intense opaline lustre not found in any other species of the entire group ; and an
AdoHas § is larger and of more brilliant metallic colouring than any other species

in the archipelago. In these islands also we find the extensive and wonderful
genus of weevils {Pachyrhijnchm) , which in their brilliant metallic colouring
surpass any thing found in the whole eastern hemisphere, if not in the whole
world.

In the Andaman Islands in the Bay of Bengal there are a considerable number
of peculiar species of butterflies differing slightly from those on the continent, and
generally in the direction of paler or more conspicuous colouring. Thus two
species of Papilio which on the continent have the tails black, in their Andaman
representatives have them either red- or white-tipped ||. Another species IT is richly
blue-banded where its allies are black ; while three species of distinct genera of

* Ornifk«piera iniamus, 0. helena, Papilio deiphobus, P. uh/sseit, P. ffambrisius, P. codrus,
Iphias Icucippe, Euplcea protkoe, Hestia idea, Afhymajocante, Jbiadonapajidams, Nymphalis
pyrrhv.s, N. eiiryalus, Dnisilla jaims.

t ' Contributions to the Theory of N.-\tural Selection,' pp. 168-173.

J Euplcea hcwifxonii, E. diocletiana, E. latifica.

§ AdoUas callip/iorm.

II
Papilio rhodifcr (near P. doidUdayi) and Papilio charicles (near P. viemnon).

^ Papilio mayo.

11*
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Nvmphalidae * all diiFer from their allies on the continent in being of excessively
pale colours as well as of somewhat larger size.

In Madagascar we have the very large and singularly white-spotted Papilio cm-
tenor, while species of three other genera f are very white or conspicuous compared
with their continental allies.

Passing to the West-Indian Islands and Central America (which latter country
has formed a group of islands in very recent times) we have similar indications.

One of the largest of the Papilios inhabits Jamaica J, while another, the largest of
its group, is found in Me.xico §. Cuba has two of tlie same genus whose colours
are of surpassing brilliancy

|| ; while the fine genus Clothilda—confined to the
Antilles and Central America—is remarkable for its rich and showy colouring.

Persons who are not acquainted with the important structural difterences that
distinguish these various genera of butterflies can hardly realize the importance
and the significance of such facts as I have now detailed. It ma}' be well, there-
fore, to illustrate them by supposing parallel cases to occur among the Mammalia.
We might have, for example, in Africa, the gnus, the elands, and the buffaloes,

all coloured and marked like zebras, stripe for stripe over the whole body exactly
corresponding. So the hares, marmots, and squirrels of Europe might be all red
with black feet, while the corresponding species of Central Asia were all yellow
with black lieads. In North America we might have raccoons, squirrels, and
opossums in parti-coloured livery of wliite and black, so as exactly to resemble the
skunk of the same country ; while in South America they might be black with a
yellow throat-patch, so as to resemble with equal closeness the tayra of the Brazilian
forests. Were such resemblances to occur in any thing like the number and with
the wonderful accuracy of imitation met with among the].,epidoptera, they would
certainly attract imiversal attention among naturalists, and would lead to the
exhaustive study of the influence of local causes in producing such startliug results.

One somewhat similar case does indeed occur among the Mammalia, two singular
African animals, the Aard-wolf (Froteles) and the ]iya3ua-dog (Lj/caon), both
strikingly resembling hyaenas in their general form as well as in their spotted
markings. Belonging as they all do to the Carnivora, though to three distinct

families, it seems quite an analogous case to those we have imagined ; but as the
Aard-wolf and the hytena-dog are both weak animals compared with the hyama,
the resemblance may be useful, and in that case would come under llie head of
mimicry. This seems the more probable because, as a rule, the colours of the
Manmialia are protective, and are too little varied to allow of the influence of local

causes producing any well-marked effects.

When we come to birds, however, the case is diflerent ; fn- although tJiey do
not exhibit such distinct marks of the influence of locality as do butterflies—pro-
bably because the causes which determine colour are in their case more complex

—

yet there are distinct indications of some effect of the kind, and we must devote
some little time to their consideration.

One of the most curious cases is that of the parrots of the AVest-Indian Islands
and Central America, several of which have white heads or foreheads, occun-ing in

two distinct genera 51, while none of the more numerous parrots of South America
are so coloured. In the small island of Dominica we have a very large and richlv-
coloured parrot {Chri/sotis aiif/usta) corresponding to the large and richly-coloured
Papilio homcrn^ of Jamaica.

The Andaman Islands are equally remarkable, at least six of the peculiar birds
diffeiing from their continental allies in being much lighter, and sometimes with
a large quantity of pure white in the plumage**, exactly corresponding to what
occurs among the butterflies.

In the Philippines this is not so marked a feature
;
yet we have here :—the only

known white-breasted kingcrow (iJicrurus mirabilis) ; the newly discovered Ewy-
* Eitplcea andamanenms, Cethosia hiblis, Cyrestis codes.

t Danais nossima, Melanitis massoura, Diarlema dcxifhca.

\ I'apilio hcmcriis. § P. dauniis.
||

P. gtmdlachianus, P. villiersi.

Tl Planus albifrons and Chrysoffs senilis (C. America), Chryso'is salkei (Hayti).
** Kitfacincla alhiveiitris, Geocichla albiguhms, S'urna andamaiumsi?, Hylotcrpe grisola,

Tar., lanthoenas 2^alu7iboidcs, Osmotreron chkjropfcra.
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lattxm Steetii, wholly white beneath ; three species of Dicemn, nil white beneath
;

several species of Paim, largely white-spotted ;
while many of the pigeons have

light ashy tints. The birds generally, however, have rich dark colours, similar to

those which prevail among the butterflies.

h\ Celebes we have a swallow-shrike and a peculiar small crow allied to the

jackdaw *, whiter than any of their allies in the surrounding islands; but otherwise

the colours of the birds call for no special remark.

In Timor and Flores we have white-headed pigeons f, and a long-tailed fly-

catcher almost entirely white \.

In the small Lord' Howe's Island we have the recently extinct white rail

(Nofurnis alba), remarkably contrasting with its allies in the larger islands of New
Zealand.

We cannot, however, lay any stress on isolated examples of white colour, since

these occur in most of the great continents ; but where we find a series of species

of distinct genera all diftering from their continental allies in a whiter coloration,

as in the Andaman Islands and the West Indies, and, among butterflies, in the

smaller Moluccas, the Andamans, and Madagascar, we cannot avoid the conclusion

that in these insular localities some general cause is at work.

There are other cases, however, in which local influences seem to favour the

production or preservation of intense crimson or a very dark coloration. Thus in

the Moluccas and New Guinea alone we have bright red pari'ots belonging to two
distinct families §, and which therefore most probably have been independently

roduced or preserved by some common cause. Here, too, and in Australia we
ave black parrots and pigeons

|| ; and it is a most curious and suggestive fact that

in another insular subregion^that of Madagascar and the Mascarene Islands—these

same colours reappear in the same two groups 51-

Some very curious physiological facts bearing upon the presence or absence of

white colours in the higher animals have lately been adduced by Dr. Ogle **. It

has been found that a colonied or dark pigment in the olfactory region of the

nostrils is essential to perfect smell, and this pigment is rarely deficient except when
the whole animal is pure white. In these cases the creature is almost without
smell or taste. This, Dr. Ogle believes, explains the curious case of the pigs in

Virginia adduced by Mr. Darwin, white pigs being killed by a poisonous root

which does not aff'ect black pigs. Mr. Darwin imputed this to a constitutional

difference accompanying the dark colour, which rendered what was poisonous to

the white-coloured animals quite innocuous to the black. Dr. Ogle, however,
observes that there is no proof that the black pigs eat the root, and he believes the
more probable explanation to be that it is distasteful to them ; while the white
pigs, being deficient in smell and taste, eat it and are killed. Analogous facts occur
in several distinct families. White sheep are killed in the Tarentino by eating

Ili/periciim crisimm, while black sheep escape ; white rhinoceroses are said to pei-ish

from eating Euphnrhia candelabrum; and white horses are said to suffer from
poisonous food where coloured ones escape. Now it is very improbable that a
constitutional immunity from poisoning by so many distinct plants should, in the

case of such widely different animals, be always correlated with the same differ-

ence of colour ; but the facts are readily understood if the senses of smell and
taste are dependent on the presence of a pigment which is deficient in wholly white
animals. The explanation has, however, been carried a step further, by experi-

ments showing that the absorption of odours by dead matter, such as clothing, is

greatly afiected by colour, black being the most powerful absorbent ; then blue, red,

yellow, and lastly white. We have here a physical cause for the sense-inferiority

of totally white animals which may account for their rarity in nature: for few,

if any, wild animals are wholly white : the head, the face, or at least the muzzle
or the nose, are generally black ; the ears and eyes are also often black ; and there

is reason to believe that dai-k pigment is essential to good hearing, as it certainly

* ArtaniPs monachvs, Corvu-t advcna.

t Piihpvs einctus, P. alhocinctiis. \ Tchifrea ciffinis, var.

§ Lori'us, Fos (Tricluig!ossic1ie\ Edccfus (Pala'ornitLit'a').

II

Microf/hi-ni!>, Calyptorhynchui', Tiiracwiw. ^ CoracopH», Alecfrixva$.

** Medico-Chirurgical Transactions, vol. liii. (1870).
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13 to perfect vision. We can therefore understand why white cats with hlue ejes

are so often deaf, a peculiarity we notice more readily than their deficiency of smell

or taste.

If, then, the prevalence of white coloration is generally accompanied with some
deficiency in the acuteness of the most important senses, this colour becomes
doubly dangerous ; for it not only renders its possessor more conspicuous to its

enemies, but at the same time makes it less ready in detecting the presence of
danger. Hence, perhaps, the reason why white appears more frequently in islands,

where competition is less severe and enemies less numerous and varied. Hence, also,

a reason why albinoism, although freely occurring in captivity, never maintains
itself in a wild state, while melanism does. The peculiarity of some islands in

ha\ing all their inhabitants of dusky colours (as the Galapagos) may also perhaps
be explained on the same principles ; for poisonous fruits or seeds may there abound
which weed out all white- or light-coloured A'arieties, owing to their deficiency of

smell and taste. We can hardly believe, however, that this would apply to white-
coloiu-ed butterflies ; and this may be a reason why the efl'ect of an insiilar habitat
is more marked in these insects than in birds or mammals. But though inappli-

cable to the lower animals, this cm-ious relation of sense-acuteuess with colours

may have had some influence on the development of the higher human races. If
light tints of the skin were generally accompanied by some deficiency in the senses

of smell, hearing and vision, the white could never compete with the darker races

so long as man was in a very low or savage condition, and wholly dependent for

existence ou tlie acuteness of his senses. But as the mental faculties became more
fully developed and more important to his welfare than mere sense-acuteness, the

lighter tints of skin and hair and eyes would cease to be disadvantageous whenever
they were accompanied by superior brain-power. Such variations would then be
preserved ; and thus may have arisen the Xanthochroic race of manliiud, in which
we find a high development of intellect accompanied by a slight deficiency in the
acuteness of the senses as compared with the darker forms.

I have now to ask your attention to a few remarks en the peculiar relations of

plants and insects as exhibited in islands.

Ever since Mr. Darwin showed theimmense importance ofinsects in the fertilization

of flowers gi'eat attention has been paid to the subject, and the relation of these two
very diflerent classes of natural objects has been found to be more universal and
more complex than could have been anticipated. Whole genera and families of

plants have been so modified as first to attract, and then to be fertilized by, certain

groups of insects ; and this special adaptation seems in many cases to have deter-

mined the more or less wide range of the plants in question. It is also known
that some species of plants can be fertilized only by particular species of insects

;

and the aksence of these from any locality would necessarily present the continued
existence of the plant in that area. Here, I believe, will be found the clue to

much of the peculiarity of the floras of oceanic islands, since the methods by which
these have been stocked with plants and insects Avill be often quite diflerent.

Many seeds are, no doubt, carried by oceanic currents, others probably by aquatic

birds. Mr. H. N. Moseley informs mo that the albatrosses, gnalls, puffins, tropic

birds, and many others nest inland, often amidst dense vegetation, and he believes

they often carry seeds, attached to their feathers, from island to island for great

distances. In the tropics they often nest on the mountains far inland, and may
thus aid in the distribution even of mountain-plants. Insects, on the other hand,
are mostly conveyed by aerial currents, especially by violent gales ; and it may
thus often happen that totally xmrelated plants and insects may be brought toge-
ther, in which case the former must often perish for want of suitable insects to

fertilize them. This will, I think, account for the sti'angely fragmentary nature of
these insular" floras, and the great differences that often exist between those which
are situated in the same ocean, as well as for the preponderance of certain orders

and genera. In Mr. Pickering's valuable work on the ' Geogi-aphical Distribution
of Animals and Plants,' he gives a list of no less than sixty-six natural orders of
plants vnexpedeiVy absent from Tahiti, or which occur in many of the surrounding
lands, some being abundant in other islands—as the I.abiataa at the Sandwich
Islands. la these latter islands the flora is much richer, yot a large number of
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families whicli abound iu other parts of Polynesia are totally wantiug. Now much
of the poverty and exceptional distribution of the plants of these islands is pro-

Ijably duo to the great scarcity of flower-frequenting insects. Lepidoptera and
Ilvnieuoptera are exceedingly scarce iu the eastern islands of the Pacific, and it is

almost certain that many plants which require these insects for their fertilization

have been thereby prevented from establishing themselves. In the western islands,

such as the Fijis, several species of butterflies occur in tolerable abundance, and no
doubt some flower-haunting Ilymenoptera accompany them ; and in these islands

the flora appears to be much more varied, and especially to be characterized by a

much greater variety of sliowj' flowers, as may be seen by examining the plates of

Dr. Seemann's ' Flora Vitiensis.'

Darwin and Pickering both speak of the great preponderance of ferns at Tahiti

;

and Mr. Moseley, who spent several days in the interior of the island, informs me
that " at an elevation of from 2000 to 3000 feet the dense vegetation is composed
almost entirely of ferns. A. tree fern (Alsophila tahitensis) forms a sort of forest to

the exclusion of almost every other tree, and, with huge plants of two other ferns

(Anr/iopteris cvecta and Aspelenium nidus), forms the main mass of the vegetation."

And he adds, " I have nowhere seen ferns in so gi-eat proportionate abundance."

This unusual proportion of lerns is a general feature of insular as compared with
continental floras ; but it has, I believe, been generally attributed to favourable

conditions, especially to equable climate and perennial moisture. In this respect,

however, Tahiti can hardly differ greatly from many other islands, -which yet have
no such vast preponderance of ferns. This is a question that cannot be decided by
mere lists of species, since it is probable that iu Tahiti they are less numerous than

in some other islands where they form a far less conspicuous feature in the vege-

tation. The island most comparable -ndth Tahiti in that respect is Juan Fernandez.

Mr. Moseley writes to me :—" In a general view of any wide stretch of the densely

clothed mountainous surface of the island, the ferns, both tree ferns and the un-
stenimed forms, are seen at once to compose a very large proportion of the mass of

foliage." As to the insects of Juan Fernandez, Mr. Edwyn C. Reed, who made
two visits and spent several weeks there, has kindly furnished me -with some exact

information. Of butterflies there is only one {Piirameis carie), and that rare—

a

Chilian species, and probably an accidental straggler. Four species of moths of

moderate size were observed (all Chilian), and a few larvae and pupje. Of bees

there were none, except one very minute species (allied to Chilicolu), and of other

Ilymenoptera a single specimen of Ophion htteus (a cosmopolitan ichneumon).

About twenty species of flies were observed, and these formed the most prominent

feature of the entomology of the island.

Now, as far as we know, this extreme entomological poverty agrees closely with
that of Tahiti; and there are probably no other portions of the globe equally

favoured in soil and climate, and with an equally luxm-iant vegetation, where
insect-life is so scantily developed. It is curious, therefore, to find that these two
islands also agree in the wonderful predominance of ferns over the flowering plants

—in individuals even more than in species ; and there is uo difficulty in connecting

the two facts. The excessive minuteness and great abimdance of fem-spores causes

them to be far more easily distributed by winds than the seeds of flinvering plants,

and they are thus always ready to occupy any vacant places in suitable localities,

and to compete with the less vigorous flowering plants. But where insects are so

scarce, all' plants which require insect-fertilization, whether constantly to enable

them to produce seed at all, or occasionally to keep up their constitutional vigour

bv crossing, must be at a great disadvantage ; and thus the scanty flora which
oceanic islands must always possess, peopled as they usuall)' are by waifs and
strays from other lands, is rendered still more scanty by the weeding out of all

such as depend largely on insect-fertilization for their full development. It seems

probable, therefore, that the preponderance of ferns in islands (considered in mass
of individuals rather than in number of species) is largely due to the absence of

competing phsenogamous plants, and that this is in great part due to the scai-city

of in.sects. In other oceanic islands, such as New Zealand and the Galapagos,

where ferns, although tolerabh' abundant, form no such predominant feature in the

vegetation, but where the scarcity of flower-hauuting insects is almost equally
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marked, we find a great pieponderauce of small, green, or otherwise inconspicuous
flowers, indicating that inly such plants have been enabled to flourish there as are
independent of insect-fertilization. In the Galapagos (which are perhaps even
more deficient in flying insects than Juan Fernandez; this is so striking a feature
that Mr. Darwin speaks of the vegetation as consisting in great part of " wretched-
looking weeds,'" and states that " it was some time before he discovered that almost
every plant was in flower at the time of his visit." He also says that he " did not
see one beautiful flower " in the islands. It appears, however, that Compositte,
Leguminosse, Rubiacefe, and Solanaceae form a large proportion of the flowering
plants; and as these are orders which usually require insect-fertilization, we must
suppose, either that they have become moditied so as to be self-fertilized, or that
they are fertilized by the visits of the minute Diptera and Hymenoptera, which are
the only insects recorded from these islands.

In Juan Fernandez, on the other hand, there is no such total deficiency of showy
flowers. I am informed by Mr. Mcjseley tliat a variety of the Magnoliaceous winter-
bark abounds and has showy white flowers, and that a Biguoniaceous shrub witli
abundance of dark blue flowers was also plentiful ; while a white-flowered Liliaceous
plant formed large patches on the hill-sides. Besides these there were two species
of woody Oompositse with conspicuous heads of yellow blossoms, and a species of
white-flowered myrtle also abundant ; so that, on the whole, flowers formed a rather
conspicuous feature in the aspect of the vegetation of Juan Fernandez.
But this fact—which at flrst sight seems entirely at variance with the view we

are upholding of the important relation between "the distribution of insects and
plants— is well explained by the existence of two species of humming-birds in
Juan Fernandez, which, in their visits to these large and showj' flowers, fertilize

them as efl'ectually as bees, moths, or butterflies. Mr. Moseley informs me that
" these humming-birds are e.itraorilmarili/ abundant, every tree or bush having one
or two darting about it." He also observed that " nearly all the specimens killed
had the feathers round the base of the bill and front of the head clogged and
coloured yellow with pollen." Here, then, we have the clue to the perpetuation
of large and showy flowers in Juan Fernandez ; while the total absence of hum-
ming-birds in the Galapagos may explain why no such large-flowered plants have
been able to establish themselves in those equatorial islands.

This leads to the observation that many other gi-oups of birds also, no doubt, aid
in the fertilization of flowers. I have often observed the beaks and faces of the
brush-tongued lories of the Moluccas covered with pollen ; and Mr. Moseley noted
the same fact in a species of Artamus, or swallow-shrike, shot at Cape York, show-
ing that this genus also frequents flowers and aids in their fertilization. In the
Australian region we have the immense group of the Meliphagidte, which all

frequent flowers; and as these range over all the islands of the Pacific, their presence
will account for a certain proportion of showy flowers being found there, such as
the scarlet Metrosideros, one of the few conspicuous flowers in Tahiti. In the
Sandwich Islands, too, there are forests of 3fetrosideros ; and Mr. Charles Pickering
writes me, that they are visited by honey-sucking birds, one of which is captured
by sweetened bird-lime, against which it thrusts its extensile tongue. I am also
informed that a considerable number of flowers are occasionally fertilized by hum-
ming-birds in North America ; so that there can, I think, be little doubt that birda
play a much more important part in this respect than has hitherto been imagined.
It is not improbable that in Tropical America, where the humming-bird family is

so enormously developed, many flowers will be found to be expressly adapted to
fertilization by them, just as so many in our own coimtry are specially adapted
to the visits of certain fomilies or genera of insects.

It must also be remembered, as Mr. Moseley has suggested to me, that a flower
which had acquired a brilliant colour to attract insects might, on transference to
another country, and becoming so modified as to be capable of self-fertilization,

retain the coloured petals for an indefinite period. Such is probably the explana-
tion of the Pe/arr/oniiim of Tristan d'Acunha, which forms masses of blight colour
near the shore during the flowering season; while most of the other plants of the
island have colourless flowers, in accordance with the almost total absence of winged
instcts. The presence of many large and showy flowers among the indigenous
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flora of St. Helena must be an example of a similar persistence. Mr. Mellisa

indeed states it to be " a remarkable peculiarity that the indigenous flowers are,

with very slight exceptions, all perfectly colourless ;
"* but although this may apply

to the general aspect of the remains of the indigenous flora, it is evidently not the

case as regards the species, since the interesting plates of Mr. Melliss's volume show

that about one third of the indigenous flowering plants have more or less coloured

or conspicuous flowers, while several of them are exceedingly showy and beautiful.

Among these are a Lobelia, three Wahlenben/ias, several C'omposiUe, and especially

the handsome red flowers of the now almost extinct forest-trees, the ebony and

redwood (species of Melhania, Byttneriaceas). We have every reason to believe,

however, that when St. Helena was covered with luxuriant forests, and especially

at that remote period when it was much more extensive than it is now, it must

have supported a certain number of indigenous birds and insects, which would have

aided iu the fertilization of these gaily-coloured flowers. The researches of Dr._

Hermann Miiller have shown us by what minute modifications of structure or of

fimction many flowers are adapted for partial insect- andself-feitilization in various

de^^rees ; so that we have no difficulty in understanding how, as the insects diminished

and finally disappeared, self-fertilization may have become the rule, while the large

and showy corollas remain to tell us plainly of a once different state of things.

Another interesting fact in connexion with this subject is the presence of arbo-

rescent forms of Compcsitffi in so many of the remotest oceanic islands. They

occur in the Galapngos, in Juan Fernandez, in St. Helena, in the Sandwich Islands,

and in New Zealand ; but they arenotdiiectly related to each other, representatives

of totally different tribes of this extensive order becoming arborescent in each

group of islands. The iinmen.se range and almost universal distribution of the

Compositte is due to the combination of a great facility of distribution (by their

seeds) with a gieat attractiveness to insects, and the capacity of being fertihzedby

a variety of species of all orders, and especially by flies and small beetles. Thus

they would be among the earliest of flowering plants to establish themselves on

oceanic islands ; but where insects of all kinds were very scarce it would be an

advantage to gain increased size and longevity, so that fertilization at an interval

of several years might suffice for the continuance of the species. The arborescent

form would combine with increased longevity the advantage of increased size m
the struggle for existence with ferns and other early colonists; and these advantages

have led to its being independently produced in so many distant localities, whose

chief feature in common is their remoteness from continents and the extreme

poverty of their insect life.
• , i.

•

As the sweet odours of flowers are known to act in combination with their

colours, as an attraction to insects, it might be anticipated that where colour was

deficient scent would be so also. On applying to my friend Dr. Hooker for infor-

mation as to New-Zealand plants, he informed me that this was certainly the case,

and that the New-Zealand flora is, speaking generally, as strikingly deficient in

sweet odours as in conspicuous colours. Whether this peculiarity occurs in other

islands, I have not been able to obtain information ; but we may certainly expect

it to be so in such a marked instance as that of the Galapagos flora.

Another question which here comes before us is the origin and meaning of the

odoriferous glands of leaves. Dr. Hooker informed me that not only are New-

Zealand plants deficient in scented flowers, but equally so in scented leaves. This

led me to think that perhaps such leaves were in some way an additional attrac-

tion to insects—though it is not easy to understand how this could be, except by

adding a general attraction to the special attraction of the flowers, or by supporting

the larvaj which, as perfect insects, aid in fertilization. Mr. Darwin, however,

informs me that he considers that leaf-glands bearing essential oils are a protection

against the attacks of insects where these abound, and would thus not be required

in countries where insects were very scarce. But it seems opposed to this view

that highly aromatic plants are characteristic of deserts all over the world, and in

such places insects are not abundant. Mr. Stainton informs me that the aromatic

Labiatte enjoy no immunity from insect attacks. The bitter leaves of the cherry-

» Melliss's ' St. Helena,' p. 226, note.
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laurel are often eaten by the larvae of moths that abound on our fnii1/-trees ; while

in the Tropics the leaves of the orange tribe are favoui^tes with a large number of

lepidopterous larvae ; and our northern firs and pines, althougli abounding in a

highly aromatic resin, are very subject to the attacks of beetles. My friend Dr.

Richard Spruce—who while travelling in South America allowed nothing connected

with plant-life to escape his observation—informs me that trees wliose leaves have
aromatic and often resinous secretions in immersed glands abound in the plains of

tropical America, and that such are in great part, if not wholly, free from the

attacks of leaf-eating ants, except where the secretion is only slightly bitter, as in

the orange tribe, orange-trees being sometimes entirel)' denuded of their leaves in

a single night. Aromatic plants abound in the Andes up to about 13,000 feet, as

well as in the plains, but hardly more so than in Central and Southern Europe.

They are perhaps more plentiful in the dry mountainous parts of Southern

Europe ; and as neither here nor in the Andes do leaf-eating ants exist. Dr. Sjiruce

infers that, although in the hot American forests where such ants swarm the oil-

bearing glands serve as a protection, yet they were not originally acquired for that

purpose. Near the limits of perpetual snow on the Andes such plants as occur

are not, so far as Dr. Spruce has observed, aromatic ; and as plants in such situa-

tions can hardly depend on insect visits for their fertilization, the fact is com-
parable -with, that of the flora of New Zealand, and would seem to imply some
relntion between the two phenomena, though Avhat it exactly is cannot yet be

determined.

I trust I have now been able to show you that there are a number of curious

problems lying as it were on the outskirts of biological inquiry which well merit

attention, and which may lead to valuable results. But these problems are, as

you see, for the most part connected with questions of locality, and require full

and accurate knowledge of the productions of a number of small islands and other

limited areas, and the means of comparing them the one with the other. To
make such comparisons, however, is now quite impossible. No museum contains

any f^vir representations of the productions of these localities ; and such specimens

as do exist, being scattered through the general collection, are almost useless for

this special purpose. If, then, we are to make any progress in this inquiry, it is

absolutely essential that some collectors should begin to arrange their cabinets

primarily on a geographical basis, keeping together the productions of every island

or group of islands, and of such divisions of each continent as are found to possess

any special or characteristic fauna or flora. We shall then be sure to detect manj''

imsuspected relations between the animals and plants of certain localities, and we
shall become much better acquainted with those complex reactions between the

vegetable and animal Idngdoms, and between the organic world and tlio inorganic,

which have almost certainly played an important part in determining- many of the

most conspicuous features of living things,

Mise and Progress of Modern Views as to the Aiittquity and Origin of JIan.

I now come to a branch of our subieot which I would gladly have a\oided
touching on ; but as the higher powers of tliis Association have decreed that I should
preside over the Anthropological Department, it seems proper that I should devote

some portion of my address to matters more immediately connected with the

special study to which that Department is devoted.

As my own Imowledge of and interest in Anthropology is confined to the great

outlines rather than to the special details of the science, I propose to give a very
brief and general sketch of the modern doctrine as to the Antiquity and Origin of

Man, and to suggest certain points of difficulty which have not, I think, yet re-

ceived sufficient attention.

Many now present remember the time (for it is little more than twenty years

ago) when the antiquity of man, as now understood, was imiversally discredited.

Not only theologians, but even geologists, then tauglit us that man belonged alto-

gether to the existing state of things ; that the extinct animals of tlie Tertiary

period had finally disappeared, and that the earth's surface had assumed its present

condition before the human race fii'st came into existence. So prepossessed were
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even scientific men with this idea—which yet rested on purely negative evidence,

and covild not he supported by any arguments of scientific value—that numerous

facts which had been presented at intervals for half a century, all tending to prove

the existence of man at very remote epochs, were silently ignored ; and, more than

this, the detailed statements of three distinct and careful observers coniirming each

other were rejected by a great scientific Society as too improbable for publication,

only because' they proved (if they were true) the coexistence of man with extinct

animals *.

But this state of belief in opposition to facts could not long continue. In 1851)

a few of our most eminent geologists examined for tliemselves into the alleged

occuiTence of flint implements in the gravels of the north of France, which had
been made public fourteen years before, and found them strictly correct. The
caverns of Devonshire were about the same time carefidly examined by equally

eminent observers, and were found fully to be.ar out the statements of those who
had published their results eighteen years before. Flint implements began to be

foimd in all suitable localities in the south of England, when carefully searched

for, often in gravels of equal antiquity with those of France. Caverns giving

evidence of human occupation at vaiious remote periods were explored in Belgium

and the south of France^lake-dwellings were examined in Switzerland—refuse-

heaps in Denmark—and thus a whole series of remains have been discovered

carrying back the history of mankind from the earliest historic periods to a long

distant past. The antiquity of the races thus discovered can only be generally

determined by the successively earlier and earlier stages through which we can

trace them. As we go back metals soon disappear, and we find onlj' tools and

weapons of stone and of bone. The stone weapons get ruder and ruder
;
pottery,

and then the bone implements, cease to occur ; and in the earliest stage we find

only chipped fiints of rude design, though still of unmistakably human workman-
ship. In like manner domestic animals disappear as we go backward ; and though

the dog seems to have been the earliest, it is doubtful whether the makers of the

ruder flint implements of the gravels posses.sed even this. Still more important

as a measure of time are the changes of the earth's surface, of the distribution of

animals, and of climate which have occur-ed during the human period. At a

comparatively recent epoch in the record of prehistoric times we find that the

Baltic was far Salter than it is now and produced abundance of oysters, and that

Denmark was covered with pine forests inhabited by Capercailzies, such as now
only occur further north in Norway. A little earlier we find that reindeer were

common even in the south of France ; and still earlier this animal was accom-

panied by the mammoth and woolly rhinoceros, b)^ the arctic glutton, and by huge

bears and lions of extinct species. The presence of such animals implies a change

of climate ; and both in the caves and gravels we find proofs of a much colder

climate than now prevails in Western Europe. Still more remaa-kable are the

changes of the earth's surface which have been effected during man's occupation of

it. Many extensive valleys in England and France are believed by the best ob-

servers to have been deepened at least a hundred feet ; caverns now far out of

the reach of any stream must for a long succession of years have had streams

flowing through them, at least in times of floods ; and this often implies that vast

masses of solid rock have since been worn away. In Sardinia land has risen at

least 300 feet since men lived there wlio made pottery and probably used fishing-

nets t ; while in Kent's Cavern remains of man are found buried beneath two
separate beds of stalagmite, each having a distinct texture, and each covering a

deposit of cave-earth havmg well-marked differential characters, while each con-

tains a distinct assemblage of extinct animals.

Such, briefly, are the results of the evidence that has been rapidly accumulating

for about fifteen years as to the antiquity of man ; and it has been confirmed by so

many discoveries of a like natm-e in all parts of the globe, and especially by the

* In 1854 (?) a communication from the Torquay Natural-History Society confirming

previous accounts by Mr. Godwin-Austen. Mr. Vivian, and the Eev. Mr. M'Enery, that

worked flints occurred in Keiit's Hole with remains of extinct species, was rejected as too

improbable for publication.

t Lyell's ' Antiquity of Man,' fourth edition, p. 1 15.
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comparisou of the tools and weapons of prehistoric man with those of modern
savages (so that the use of even the rudest flint-implements has become quite

intelligible), that we can hardly wonder at the vast revolution effected in public

opinion. Not only is the belief in man's vast and still unknown antiquity uni-

versal among men of science, but it is hardly disputed by any well-informed
tlieologian ; and the present generation of science-students must, we should think,

be somewhat puzzled to understand what there was in the earliest discoveries that

should have aroused such general opposition and been met with such universal

incredulity.

But the question of the mere "Antiquity of Man" almost sank into insigni-

ficance at a very early period of the inquiry, in comparison with the far more
momentous and more exciting problem of the development of man from some
lower animal form, which the theories of Mr. Darwin and of Mr. Herbert Spencer
soon showed to be inseparably bound up with it. This has been, and to some ex-

tent still is, the subject of fierce conflict ; but the controversy as to the fact of such
development is now almost at an end, since one of the most talented representatives

of Catholic theology, and an anatomist of high standing—Professor Jlivart—fully

adopts it as regards physical structure, reserving his opposition for those parts of

the theory which would deduce man's whole intellectual and moral nature from
the same source and by a similar mode of development.

Never, perhaps, in the whole history of science or philosophy has so great a

revolution in thought and opinion been effected as in the twelve years from 1859
to 1871, the respective dates of publication of Mr. Darwin's ' Origin of Species

'

and ' Descent of Man.' Up to the commencement of this period the belief in the
independent creation or origin of the species of animals and plants, and the very
recent appearance of man upon the earth, were, practically, universal. liOng

before the end of it these two beliefs had utterly disappeared, not only
in the scientific world, but almost equally so among the literary and educated
classes generally. The belief in the independent origin of man held its ground
somewhat longer; but the publication of Mr. Darwin's great work gave even that
its death-blow, for hardly any one capable of judging of the evidence now doubts
the derivative nature of man's bodily structure as a whole, although many believe

that his mind, and even some of his physical characteristics, may be due to the

action of other forces than have acted in the case of the lower animals.

We need hardly be surpri.'ied, under these circumstances, if there has been a
tendency among men of science to ] ass from one extreme to the other, from a pro-
fession (so few years ago) of total ignorance as to the mode of oiigin of all living

things, to a claim to almost complete knowledge of the wlu le progress of the
universe, from the first speck of living protoplasm up to the highest development
of the human intellect. Yet this is really what we have seen in the 1 ist sixteen

years. Formerly difliculties were exaggerated, and it was asserted that we had
not sufficient knowledge to venture on any generalizations on the subject. Now
difficulties are set aside, and it is held that our theories are so well established and
80 i'ar-rer.ching, that they explain and comprehend all nature. It is not long ago
(as I have already reminded you) since /ffc-fo were contemptuously ignored, because
they favoured our now popular views; at the present day it seems to me that facts

which oppose them hardly receive due consideration. And as opposition is the
best incentive to progress, and it is not well even for the best theories to have it

all their own way, I propose to direct your attention to a few such facts, and to

the conclusions that seem fairly deducible from them.
It is a curious circumstance that notwithstanding the attention that has been

directed to the subject in every part of world, and the niuuerous excavations con-
nected with railways and mines which have offered such facilities for geological
discovery, no advance whatever has been made for a considerable number of years
in detecting the time or mode of man's origin. The Paleolithic flint weapons
first discovered in the North of France more than thirty years ago are still the
oldest undisputed proofs of man's existence ; and amid the countless relics of a
former world that have been brought to light, no evidence of any one of the links
that must have connected man with the losver animals has yet appeared.

It is, indeed, well known that negative evidence in geology is of very slender
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value; and this is, no doubt,' generally the case. The circumstances here are,

however, peculiar, for many couvergiug lines of evidence show that, on the theory
of development by the same laws which have determined the development of the
lower animals, man must be immensely older than any traces of him yet dis-

covered. As this is a point of great interest we must devote a few moments to its

consideration.

1. The most import tut difference between mau and such of the lower animals as
most nearly approach him is undoubtedly in the bulk and development of his
brain, as indicated by tlie form and capacity of the cranium. We should therefore
anticipate that these earliest races, who were contemporary with the extinct ani-
mals and used rude stone weapons, would show a jnarked deficiency in this
respect. Yet the oldest known crania (those of the Eugis and Cro-Magiion caves)
show no marks of degradation. The former does not present so low a type as
that of most existing savages, but is (to use the words of Prof. Huxley) " a fair

average human skull, which might have belonged to a philosopher, or might have
contained the thoughtless brains of a savage." The latter are still more remark-
able, being unusually large and well formed. Dr. Pruner-Bey states that they
surpass the average of modern European skulls in capacity, while their symmetrical
form without any trace of prognathism, compares favourably not only with those
of the foremost savage races, but with many civilized nations' of modern times.
One or two other crania of much lower type, but of less antiquity than this, have

been discovered ; but they in no way invalidate the conclusion which so highly
developed a form at so early a period implies, viz. that we ha\ e as yet made a
hardly perceptible step towai-ds the discovery of any earlier stage in the develop-
ment of man.

2. This conclusion is supported and enforced by the natiu-e of many of tlie works
of art found even in the oldest cave-dwellings. The flints are of the old chipped
type, but they are formed into a large variety of tools and weapons—such as
scrapers, awls, hammers, saws, lances, &c., implying a variety of purposes for
which these were used, and a corresponding degTee of mental activity and civilization.

Numerous articles of bone have also been found, including well-formed needles,
implying that skins were sewn together, and perhaps even textile materials woven
into cloth. Still more important are the numerous carvings and drawings repre-
senting a variety of aninuils, including horses, reindeer, and even a mammoth,
executed with considerable skill on bone, i-eindeer-horns, and mammotli-tusks.
These, taken together, indicate a state of civilization much higher than that of the
lowest of our modern savages, while it is quite compatible with a considerable de-
gree of mental advancement, and leads us to believe that the crania of Engis and
Cro-Magnon are not exceptional, but fairly represent the characteis of the race. If
we further remember that these people lived in Europe under the unfavourible
conditions of a sub-Arctic climate, we shall be inclined to agree with Dr. Daniel
Wilson, that it is far easier to produce evidences of deterioration than of progress
in instituting a comparison between the contemporaries of the mammoth and latpr
prehistoric races of Europe or savage nations of modern times*.

•3. Yet another important line of evidence as to the extreme antiquitv of the
human type has been brought prominently forward by Prof Mivartf. He shows,
by a careful comparison of all parts of the structure of"the body, that man is related
not to any one, but almost equally to many of the existing apes—to the orang, the
chimpanzee, the gorilla, and even to the gibbons—in a variety of ways ; and tiiese

relations and differences are so numerous and so diverse that, "on the theory of evo-
lution, the ancestral form which ultimately developed into man must have 'diverged
from the common stock whence all these various forms and their extinct allies ori-
ginated. But so far back as the Miocene deposits of Europe we fi)id the remains
of apes allied to these various forms, and especially to the gibbons ; so that in all

probability the special line of variation which led up to njan branched off at a still

earlier period. And these early forms, being the initiation of a far higher type,
and ha\ing to develop by natural selection into so specialized and altogether distinct

a creature as man, must have risen at a very early period into the position of a

* rroliistoric Man, 3rd ed. vnl. i. p. 117. t Man and Apes, pp. 171-UI3.
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dominaut race, and spread in dense waves of population over all suitable portions of

the great continent—for this, on Mr. Darwin's hypothesis, is essential to rapid de-

velopmental progress through the agency of natural selection.

Under these circumstances we might certainl}^ expect to find some relics of these

earlier forms of man along with those of animals, which were presumably less

abundant. Negative evidence of this kind is not ver_v weighty, but still it has

some value. It has been suggested that as apes are mostly tropical, and anthropoid

apes are now confined almost exclusively to the vicinity of the equator, we should

expect the ancestral forms also to have inhabited these same localities—^^'^est Africa

and the Malay Islands. But this objection is hardly valid, because existing anthro-

poid apes are wholly dependent on a perennial supply of easily accessible fniits,

%vhich is only found near the equator, while not only had the south of Europe an
almost tropical climate in Miocene times, but we must suppose even the earliest

ancestors of man to have been ten-estrial and omnivorous, since it must have taken

ages of slow modification to have produced the perfectly erect form, the short arms,

and the wholly non-prehensile foot, which so strongly differentiate man from
the arboreal apes.

The conclusion which I think we must arrive at is, that if man has been deve-
loped from a common ancestor, with all existing apes, and hy no other agencies than
such as have affected their development, then he must have existed, in something ap-
proaching his present form, during the tertiary period—and not merely existed,

but predominated in numbers, wherever suitable conditions prevailed. If, then,
contmued researches in all parts of Europe and Asia fail to bring to light any
proofs of his presence, it will be at least a presumption that he came into existence

at a much later date, and by a much more rapid process of development. In that
case it will be a fixir argument that, just as he is in his mental and moral nature,

his capacities and aspii-ations, so infinitely raised above the brutes, so his origin

is due, in part, to distinct and higher agencies than such as have affected their

development.
There is yet another line of inquii-y bearing upon this subject to which I wish to

call yoiu: attention. It is a somewhat curious fact that, while all modern writers

admit the great antiquity of man, most of them maintain the verv recent develop-
ment of his intellect, and will hardly contemplate the possibility of men equal in

mental capacity to ourselves having existed in prehistoric times. This question is

generally assumed to be settled by such relics as have been preserved of the manu-
factures of the older races showing a lower and lower state of the arts, by the
successive disappearance in early times of iron, bronze, and pottery, and by the
ruder forms of the older flint implements. The weakness of this argument has
been well shown by Mr. Albert Mott in his very original but little-lmowu pre-
sidential address to the Literary and Philosophical Society of Liverpool in 1873.
He maintains that "om* most distant glimpses of the past are still of a world
peopled as now with men both civilized and savage,'' and "that we have often

entirely misread the past by supposing that the outward signs of civilization must
always be the same, and must be such as are found among om-selves." In support
of this view he adduces a variety of strilring facts and ingenious arguments, a few
of which I will briefly summarize.
On one of the most remote islands of the Pacific—Easter Island—2O0O miles

from South America, 2000 from the Marquesas, and more than 1000 from the
Gambler Islands, are found hundreds of gigantic stone images, now mostly in
ruins, often thirty or forty feet high, while some seem to have been nuich larger,

the crowns on their heads cut out of a red stone being sometimes ten feet in dia-
meter, while even the head and neck of one is said to have been twenty feet high *.

These once stood erect on extensive stone platforms; j'et the island has onlv an area
of about thirty square miles, or considerably less than Jersey. Now as one of the
smallest images eight feet high weighs four tons, the largest must weigh over a
hundred tons, if not much more ; and the existence of such vast works implies a
large population, abundance of food, and an established government. Yet how
could tliese coexist in a mere speck of land wholly cut off from the rest of the

* Journ. of Roy..Gcog. See. 1870, pp. 177, 178.
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World ? Mr. Mott maintains that this necessarily implies the power of regular

conimunicaiion s^^tll larger islands or a continent, the arts of navigation, and a

civilization much higher than now exists in any part of the racific. Very similar

remains in other islands scattered widely over the Pacific add weight to this argu-

ment.
The next example is that of the ancient mounds and earthworks of the North-

American continent, the bearing of which is even more significant. Over the

greater part of the extensive Mississippi vallej^ four well-marked classes of these

earthworks occur. Some are camps, or works of defence, situated on bluffs, pro-

montories, or isolated hills ; others are vast enclosures in the plains and lowlands,

often of geometric forms, and having attached to them roadways or avenues often

miles in length ; a third are mounds con-esponding to our tumuli, often seventy to

ninety feet high, and some of them covering acres of ground ; while a fourth group

consist of representations of various animals modelled in relief on a gigantic scale,

and occurring chiefly in an area somewhat to the north-west of the other classes, in

the plains of Wisconsin.
The first class—the camps or fortified enclosures—resemble in general features

the ancient camps of our own islands, but far surpass them in extent. Fort Hill,

in Ohio, is surrounded by a wall and ditch a mile and a half in length, part of the

way cut through solid rock. Artificial reservoirs for water were made within it,

while at one extremity, on a more elevated point, a keep is constructed with its

separate defences and water-reservoirs. Another, called Clark's Work, in the

Scioto valley, which seems to have been a fortified town, encloses an area of 127

acres, the embankments measuring three miles in length, and containing not less

than three million cubic feet of earth. This area encloses numerous sacrificial

moimds and symmetrical earthworks, in which many interesting relics and works
of art have been found.

The second class—the sacred enclosures—may be compared for extent and ar-

rangement with Avebury or Carnak, but are in some respects even more remark-

able. One of these at Newark, Ohio, covers an area of several miles with its

connected groups of circles, octagons, squares, ellipses, and avenues on a grand

scale, and formed by embankments from twenty to thirty feet in height. Other

similar works occur in different pai-ts of Ohio ; and hj accurate survey it is found

not only that the circles are true, though some of them are one third of a mile in

diameter, but that other figures are truly square, each side being over 1000 feet

long, and, what is still more important, the dimensions of some of these geometrical

figures, in different parts of the country and seventy miles apart, are identical.

Now this proves the use, by the builders of these woi-ks, of some standard mea-
sures of length, while the accuracy of the squares, circles, and, in a less degree, of

the octagonal figures shows a considerable knowledge of rudimentary geometry
and some means of measuring angles. The difficulty of drawing such figures on a

large scale is much greater than any one would imagine who has not tried it, and
the accuracy of these is far beyond what is necessary to satisfy the eye. We must
therefore impute to these people the wish to make these figures as accurate as

possible ; and this wish is a greater proof of habitual skill and intellectual advance-

ment than even the ability to draw such figures. If, then, we take into account
this ability and this love of geometric truth, and further consider the dense popu-
lation and civil organization implied by the construction of such extensive syste-

matic works, we must allow that these ancient people had reached the earlier stages

of a civilization of which no traces existed among the savage tribes who alone

occupied the covmtry when first visited by Europeans.
The animal mounds are of comparatively less importance for our present pur-

pose, as they imply a somewhat lower grade of advancement; but the sepulchral

and sacrificial mounds exist in vast numbers, and their partial exploration has

yielded a quantity of articles and works of art which throw some further light on
the peculiarities of this mysterious people. Most of these moimds contain a large

concave hearth or basin of burnt clay, of perfectly symmetrical form, on which are

found deposited more or less abundant relics, all bearing traces of the action of

fire. We are therefore only acquainted with such articles as are practically fire-

proof, or have accidentally escaped combustion. These consist of bone and copper
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implements and ornaments, disks, and tubes—pearl, shell, and silver Leads, mora
or less inj ured by the tire—ornaments cut in mica, ornamental pottery, and numbers
of elaborate carvings in stone, mostly forming pipes for smoking. The metallic

articles are all formed by hammering, but the execution is very good ; plates of

mica are found cut into scrolls and circles ; the pottery, of which ver\' few remains
have been found, is far superior to that of any of the Indian tribes, since Dr. Wilson
is of opinion that it must have been formed on a wheel, as it is often of uniform
thickness throughout (sometimes not more than one sixth of an inch), polished,

and ornamented with scrolls and figures of birds and flowers in delicate relief.

But the most instructive objects are the sculptured stone pipes, representing not
only various easily recognizable animals, but also human heads, so well executed
that they appear to be portraits. Among the animals, not only are such native

forms as the panther, bear, otter, wolf, beaver, raccoon, heron, crow, turtle, frog,

rattlesnake, and many others well represented, but also the manatee, which perhaps
then ascended the Mississippi as it now does the Amazon, and the toucan, which
could hardly have been obtained nearer than Mexico. The sculptured heads
are especially remarkable, because they present to us the features of an intellectual

and civilized people. The nose in some is perfectly straight, and neither promi-
nent nor dilated ; the mouth is small, and the lips thin ; the chin and upper lip are

short, contrasting with the ponderous jaw of the modern Indian, wJiile the
cheek-bones present no marked prominence. Other examples have the nose
somewhat projecting at the apex in a manner quite unlike the features of any
American indigenes ; and although there are some which show a much coarser

face, it is very difficult to see in any of them that close resemblance to the
Indian type which these sculptures have been said to exhibit. The few authentic
crania from the mounds present corresponding features, being far more symmetrical
and better developed in the frontal region than those of any American tribes,

although somewhat resembling them in the occipital outline*; while one was
described by its discoverer (Mr. ^\^ Marshall Anderson) as a "beautiful skull

worthy of a Greek."
The antiquity of this remarkable race may perhaps not be very great as com-

pared with the prehistoric man of Europe, although the opinions of some writers

on the subject seem affected by that " parsimony of time " on which the late Sir

Charles Lyell so often dilated. The mounds are all overgrown with dense forest,

and one of the large trees was estimated to be eight hundred years old, while other
observers consider the forest growth to indicate an age of at least 1000 years. But
it is well known that it requires several generations of trees to pass away before

the growth on a deserted clearing comes to correspond with that of the surrounding
virgin forest, while this forest, once established, may go on growing for an unknown
number of thousands of years. The 800 or 1030 years estimate from the growth
of existing vegetation is a minimum which has no bearing whatever on the actual

age of these mounds ; and we might almost as well attempt to determine the time
of the glacial epoch from the age of the pines or oaks which now grow on the
moraines.

The important thing for ns, however, is that when North America was first

settled by Europeans, the Indian tribes inhabiting it had no knowledge or tradition

of any preceding race of higher civilization than themselves. Yet we find that
such a race existed ; that they must have been populous and have lived under some
established government; while there are signs that they practised agriculture

largely, as, indeed, they must have done to have supported a population capable of
executing such gigantic works in such vast profusion ; for it is stated that the
mounds and earthworks of various kiuds in the state of Ohio alone amount to

between eleven and twelve thousand. In their habits, customs, religion, and arts

they differed strikingly from all the Indian tribes ; wliile their love of art and of

geometric foims, and their capacity for executing the latter upon so gigantic a
scale, render it probable that they were a really civilized people, although the

form their civilization took may have been very different from that of later people
subject to very different influences, and the inheritors of a longer series of ancestral

* Wilson's ' Prehistoric Man, 3rd ed. vol. ii. pp. 123-130.
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civilizations. We have lieio, at all events, a strikiug example of the trausilion,

over au extensive country, from comparative civilization to comparative barbarism,

tbe former left to tradition and Laving hardly any trace of influence on the latter.

As Mr. Mott well remarks :—Nothing can be more striking than the fact that

Easter Island and North America both gave the same testimony as to the origin of

the savage life found in them, although in all circumstances and surroimdings the

two cases are so different. If no stone monuments had been constructed in Easter

Island, or mounds, containing a few relics saved from tire, in the United States,

we might never have suspected the existence of these ancient people.«. He argues,

therefore, that it is very easy for the records of an ancient nation's life entirely to

perish or to be hidden from observation. Even the arts of Nineveh and Babylon
were unknown only a generation ago, and we have only just discovered the facts

about the mound-builders of North America.

But other parts of the American continent exhibit parallel phenomena. Recent
investigations show that in Mexico, Central America, and Peru the existing race

of Indians has been preceded by a distinct and more civilized race. This is proved

by the sculptures of the ruined cities of Central America, by the more ancient

terra-cottas and paintings of Mexico, and by the oldest portrait-pottery of Peru.

All alike show markedly non-Indian features, while they often closel}' resemble

modern European types. Ancient crania, too, have been found in all these countries,

presenting very different characters from those of any of the modern indigenous

races of America *.

There is one other striking example of a higher being succeeded by a lower

degree of knowledge, which is in danger of being forgotten because it has been

made the foundation of theories which seem wild and fantastic, and are probably

in great part erroneous. I allude to the CTreat Pyramid of Egypt, whose form,

dimensions, structure, and uses have recently been tlie subject of elaborate works
by Prof Piazzi Smyth. Now the admitted facts about this pyramid are so inter-

esting and so apposite to the subject we are considering, that I beg to recall them
to your attention. 3Iost of you are aware that this pyramid has been carefLiUy

explored and measured by successive Egyptologists, and that the dimensions have
lately become capable of more accurate determination, owing to the discovery of

some of the original casing-stones and the clearing away of the earth from the

corners of the foundation showing the sockets in which the corner-stones fitted.

Prof Smyth devoted many months of work with the best instruments in order to

fix the dimensions and angles of all accessible parts of the struetm-e ; and he has

carefully determined these by a comparison of his own and all previous measures,

the best of which agree pretty closely with each other. The results arrived at

are :

—

1. That the pyramid is truly square, the sides being equal and the angles right

angles.

2. That the four sockets on which the four iirst stones cf the corners rested are

truly on the tame level.

3. That the direction of the sides are accurately to the four cardinal points.

4. That the vertical height of the pyramid bears the same proportion to its cir-

cumference at the base, as the radius of a circle does to its circumference.

Now all these measures, angles, and levels are accurate, not as an ordinary sur-

veyor or builder could make them, but to such a degree as requires the very best

modern instruments and all the refinements of geodeticnl science to discover any

error at all. In addition to this we have the wonderful perfection of the workman-
ship in the interior of the pyramid, the passages and chambers being lined with

huge blocks of stones fitted with the utmost accuracy, while every part of the

building exhibits the highest structural science.

In all these respects this largest pyramid surpasses every other in Egypt. Yet
it is universally admitted to be the oldest, and also the oldest historical building

in the world.

Now these admitted facts about the Great Pyramid are surely remarkable, and

worthy of the deepest consideration. They are fiicts which, in the pregnant

* Wilson's 'Prehistoric Man,' ord ed. vol. ii. pp. 125, 144.
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words of the late Sir Jolin Herschel, " according to received tlieories ought uot to

happen," and which, he tells us, should therefore be kept ever present to our minds,
since "they belong to the class of facts which serve as the clue to new discoveries."

According to modern theories, the higher civilization is ever a growth and an out-

come from a preceding lower state ; and it is inferred that this progress is visible to us

throughout all history and in all the material records of human intellect. But here

we have a building which marks the very dawn of history, which is the oldest

authentic monument of man's genius and skill, and which, instead of being far in-

ferior, is very much superior to all which followed it. Great men are the products

of their age and country, and the designer and constructors of this wonderful monu-
ment could never have arisen among an uuintellectual and half-barbarous people.

So perfect a work implies many preceding less perfect works which have disappeared.

It marks the culminating point of an ancient civilization, of the early stages of

which we have no record whatever.

The three cases to which I have now adverted (and there are many others) seem
to require for their satisfactory interpretation a somewhat different view of human
progress from that which is now generally accepted. Taken in connexion with the
great intellectual power of the ancient Greeks—which Mr. Galton believes to have
been far above that of the average of any modern nation—and the elevation, at

once intellectual and moral, displayed in the writings of Confucius, Zoroaster, and
in the Vedas, they point to the conclusion that, while in material progress there has
been a tolerably steadj^ advance, man's intellectual and moral development reached
almost its highest level in a very remote past. The lower, the more animal, but
often the more energetic types have, however, always been far the more numerous

;

hence such established societies as have here and there arisen under the guidance
of higher minds have always been liable to be swept away by the incursions of

barbarians. Thus in almost eveiy part of the globe there may have been a long-

succession of partial civilizations, each in turn succeeded by a period of barbarism
;

and this view seems supported by the occurrence of degTaded types of skull along
with such " as might have belonged to a pliilosopher," at a time when the mam-
moth and the reindeer inhabited southern France.
Nor need we fear that there is not time enough for the rise and decay of so many

successive civilizations as this view would imply ; for the opinion is now gaining
ground among geologists that palreolitliic man was really preglacial, and that the
great gap (marked alike by a change of physical conditions and of animal life)

whicli in Europe always separates him from his neolithic successor, was caused by
the coming on and passing away of the great ice age.

If the views now advanced are coiTect, many, perhaps most, of our existing savages
are the successors of higher races ; and their arts, often showing a wonderful
similarity in distant continents, may have been derived from a common source

among more civilized peoples.

I must now conclude this very imperfect sketch of a few of the offshoots from
the great tree of Biological study. It will, perhaps, be thought by some that my
remarks liave tended to the depreciation of our science, b}' hinting at imperfections

in our knowledge and errors in our theories where more enthusiastic students see

nothing but established truths. But I trust that I may have conveyed to many of
my heai'ers a different impression. I have endeavoured to show that, even in what
are usually considered the more tiivial and superficial characters presented by natural

objects, a whole field of new inquiry is opened up to us by the study of distribution

and local conditions. And as regards man, I have endeavoured to fix your attention

on a class of facts wliicli indicate that the course of his development has been far less

dii'ect and simple than has hitherto been supposed ; and that, instead of resembling
a single tide with its advancing and receding ripples, it must rather be compared
to the progress from neap to spring tides, both the rise and the depression being
comparatively greater as the waters of true civilization slowly advance towards the
highest level they can reach.

And if we are thus led to believe that our present knowledge of nature is some-
what less complete than we have been accustomed to consider it, this is only what
wo might expect ; for however great may have been the intellectual triumphs of
the nineteenth century, we can hardly think so highly of its achievements as to
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imag^ine tlial, in somewhat less than twenty years, we have passed from complete
ignorance to almost perfect knowledge on two such vast and complex siihjecta as
the origin of species and the antiquity of man.

Botany and Zoology.

Address to the Department of Botany and Zoology. By Alfred Newton,
M.A., F.li.S., F.L.S., V.P.Z.S., l}-c., Professor of Zoology and Comparative
Anatomy in the University of Cambridge, Vice-President.

Any one iu the position of chairman of this Department must feel that his diffi-

culty lies in choosing rather than in seeking a subject whereon to address an
audience like that which is before me. This 'difficulty arises from the astounding
abundance of interesting topics which are presented by the studies of Botany and
Zoology—or of the latter alone, I may say, since it would ill become me to attempt
the treatment of any which belong to the sister science. But it is of course in-
cumbent upon me to touch upon the chief events of the past year which aifect

this Department ; and it seems possible that iu so doing we may lind some con-
siderations naturally proceeding from them to be worthy of your notice during the
short time that I shall presume to occupy your attention, and also to present enough
general interest to justify my enlarging upon the themes which they inspire.

These chief events appear to me to be two in numbei' It is my first and pleas-
ing duty to congratulate the naturalists here assembled on the successfid termina-
tion of that expedition in which we have all taken so great an interest, as diuing
its progress tidings of it have reached us from one distant land after another, and
especially (as your mouth-piece) heartilj' to welcome home all now present who
were on board the good ship ' Challenger ' iu her circumnavigation of the globe.
I would that your spokesman on this occasion had been one who was better able
to appreciate their labours and enter into details as to the value of their discoveries
and researches. Unfortunately I am under the great disadvantage of being so im-
perfectly acquainted with the mysteries of the ocean, that it is only possible for me
to speak in the most general terms of what has been done. I feel sure, however,
that, so far as the great secrets of the sea can yet be interpreted and revealed by
men, they -nnll be by those who have happily returned to us. Sir Charles Wyville
Thomson and his colleagues. There is one of their company we know thoj' have
not brought back ; and it is fitting for us to lower the tone of our exultation while
we remember the name of Von Willemoes-Suhm. With this single sad exception
there is, however, nothing, so far as I know, to occasion regi-et ; and the various
memoirs that have been alreadj' published hj members of the Expedition give a
foretaste of what we may expect when the whole of its results are made known.
I am informed that the rich collections made during the voyage are at present
lodged in the University of Edinburgh, and are in process of revision and rough
arrangement under the superintendence of the Director of the Scientific Staii' of
the late Expedition. They include the products of dredging or trawling and sur-

face-collecting at about 350 stations, and at depths varying from lOO to 4500
fathoms, and consist of a prodigious number of specimens belonging to most of the
groups of marine Invcrtchrafn, especialh^ of Sponges and Echinoderms, which pre-
ponderate at the greatest depths. It is, I believe, intended to obtain the assistance

of special experts in working out the difii^rent groups ; and I am sure this meeting
will hear with pleasure that the Jliidrozoa are to be intrusted to Professor Allman,
and the Poh/zna to Mr. Busk. It is understood that Her Majesty's Treasury will
charge itself with the cost of publishing the treatises of these and the other
eminent naturalists to be employed ; and thus it is hoped that a series of volumes
will be produced worthy of the magnitude of the subject, and fit for the first rank
among the works of zoologists in this or any other coimtry. I need scarcely add
that the wishes of all here will be for the due cai'rying-out of this grand scheme

j
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and, rememlDeiing liow often similar ambitious undertakings by aur scientific men
in combination with our Government have been baulked by untoward circum-

stances, we cainiot but express the sincere hope that former failures will serve as

useful warnings to ensure future success. I regret extremely mj' inability to say

more on this subject.

I trust you will not think me to underrate the importance of the safe and
prosperous return of the ' Challenger ' from her voyage, when, though naming it

lirst, I ascribe to it the second place in the events of the past year as regards the

progress of zoological investigation. Other scientific expeditions have before now
left these shores and the shores of other countries, and have more or less fully

attained their purpose, while other expeditions will doubtless in due time be
organized and carried out with, we trust, like happy results. The voyage of the
' Challenger,' though a highly important and, in many respects, a novel one, is

notwithstanding only a unit in a long series which began a century ago, and has

been continued at intervals to our own da)' ; nay, more, since the sailing of the
' Challenger ' we have witnessed the departure of another and larger expedition

for the accomplishment of a still more arduous undertaking. But what I have nov>r

to speak of is a matter that will, if I am not mistaken, in after ages characterize

the present year as an epoch in the history of our sciences inferior only in im-
portance to that which marked some eighteen or nineteen years ago the promul-
gation of a reasonable Theory of Evolution by IMr. Darwin and Mr. "N^'allace. And
while it is to the latter of these two naturalists that we owe the boon that has
recently been conferred on us, it is unr[uestionably from the former labours of

both—miited yet distinct—that the boon acquires its greatest value. Without
those far higher, far vrider views which the Theory of Evolution enables us to take,

the serried array of facts that bristle throughout the two volumes of the 'Geo-
graphical Distribution of Animals'* which Mr. Wallace has just published would
have been but a comparatively meaningless aggregation of statements—the evi-

dence no doubt of labour almost uusm-passed, tlie accumulation of much that is

curious and of much that is suggestive, but, taken all in all, as serving to an unin-
telligible or insignificant end, if to any end whatever that was not misleading.

As the case is, the result is very different. But I would a.^k you now, Witliout
the aid afforded by the Doctrine of Descent, would it have been possible to drav.',

as Mr. Wallace has so skilfuUy drawn, those legitimate conclusions from a con-
sideration of the animal life of Java (vol. i. pp. .352, o53), or to arrive at those
marvellous results with respect to the past history of Borneo (vol. i. pp. ooS, •3.50),

or even to indulge in those daring speculations with regard to the origin of the
Celebesiau fauna (vol. i. pp. 430-438} ? I cite these instances because they are

taken from that part of the world on which the author's labours have before shed
so much light, and with wliich his name is imperishably associated ; but there is

liardlj' any one of his summaries that does not place before us material for reflection

as astounding.

While, however, assigning to the Theorj' of Evolution the chief glor}' in giving
a real and lasting value to the interpretation of the facts of Animal Distribution, I

must not omit acknowledging the share which Pliysical Geography has contributed
to that end, especially by its marine surveys, which furnish the zoologist with
data as to the depths of seas and oceans, and thereby enable him to judge as to
the former extent of land. It is therefore to be expected that voyages like that of
the ' Challenger,' when their results have been fully worlced out, will still further
add to our knowledge in this respect. Again, too. Geology (Ijut this follows
almost as a matter of course) has in its own line played an equal part. I would
that Botany could be mentioned in this connexion ; but here it seems as if the
eldest of the biological sciences were not, as she usuallj' is, in advance of the rest

;

and Mr. Wallace's suggestion (vol. ii. p. 162), that Zoology furnishes a key where-
with many of the difliculties besetting the studj- of the Distribution of BL-ints may
be unlocked, will doubtless meet with due attention from botanists.

* The Geogi'aphieal Distribution ofAnimals, with a study of the relations of living and
extinct Faiuias as elucidating the past changes of the Earth's Surface. By Alfred Eussel
Wallace, Author of ' The Miday Archipelago,' &e. 8to, two vols. Loudon: 1870.
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Of the care aucl labour wliicli the author of this work has bestowed ujxm it, no
one here, I venture to think, has a better right to speak than myself, because it is

not very long- ago that I attempted a dissertation on the Geoo;raphical Distribution

of a single Class of animals*. Though it was the Class with which I am mo-;t

familiar, and though in my attempt I had the invaluable assistance of Mr.
Wallace's manuscript at my side, which cleared my way through many obstacles,

still I found the task one of enormous dithculty, and one which I at times almost
repented that I had undertaken

;
j^et Mr. Wallace has treated not of Birds

only, as I did, but of Mammals, Amphibians, Reptiles, and Freshwater Fishes

—

to say nothing of the most telling Families of two orders of Insects, with the
Mollusks so far as they were aA"ailable for his purpose. There is nothing that in

turning over the pages of these volumes so luuch strikes one as the energy the}-

evince on the part of their author. Tlnjse who have been most accustomed to the

literature of zoology must admit that there is scarcely any book with which 'The
Geographical Distribution of Animals ' may not, in respect of hard and honest

work, be advantageously compared. It deserves to bear good fruit ; and I am
greatly mistaken if it will not do so. From an educational point of view, it can
hardly fail to be of the greatest service. Attractive as is the subject to those that

know it and see its bearings, the learner has hitherto been repelled from its con-

sideration by the want of any work of general compass which would guide his

studies, while even few of those treatises which have a particular scope were of

much use to him. Mr. Wallace has now placed one in his bauds ; and the result

we need not trj^ to anticipate. One thing, however, is clear—the Distribution of

Animals can no longer be neglected as a secondary' or unimportant part of Zoology.

It only remains for me to add, while thus attempting to setfortli the general merits

of this learned work, that I by no means pin my faith to all the author's details, or

to all his conclusions. Most of the latter may indeed be justified by the present

imperfect state of our knowledge ; but it does not follow that they will eventually

meet with common acceptance. I must particularly call your attention to the

admirably cautious words in which he takes leave of his readers—words that

prove him to be thoroughly imbued with the right spirit of a true worker in a

progressive branch of study. Mr. A^'allace saj's :—

•

" The preceding remarlss are all I uov/ venture to offer, on the distinguishing-

features of the various groups of land-animals as regards their distribution and
migrations. Thej' are at best but indications of the various lines of research

opened up to us by the study of animals from the geographical point of A'iew, and
by looking upon their range in space and time as an important portion of the earth's

history. . . . Till every well-marked district,—every archipelago, and every im-
portant island, has all its known species of the more important groups of animals
catalogued on a uniform plan, and with a uniform nomenclature, a thoroughly
satisfactory account of the Geographical Distribution of Animals will uot be
possible."

And then he goes on to point out that more than this is wanted :

—

" Many of the most curious relations between animal forms and their habitats,

are entirely unnoticed, owing to the productions of the same locality nrvcr being
associated in our museums and collections. A few such relations have been brought
to light by modern scientific travellers ; but many more remain to be discovered,

and there is probably no fresher and more productive field still unexplored in

Natural History."

These coincident variations, he concludes by saying, '•' have never been systema-
tically investigated. They constitute an unworked mine of wealth for the enter-

prising explorer; and they may not improbably lead to the discovery of some of

the hidden laws (supplementary to Natural Selection), which seem to be required
in order to account for many of the external characteristics of animals " (vol. ii.

pp. r)ry2, 553).

And now to follow out the idea witli wliich I began. Having touched on the

* "Geographical Distribution of Birds" Eucyclopa^lia Britanuica, Ed. 0, vol. iii.

pp. 73G -7i>4.
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two chief zoological events of tlie year, let us see if tliey do not suggest something
tliat will not be beneath yoiu- consideration for the remainder of this address. I
have spoken of the certainty of the expedition from which we now welcome our
li'ieuds being succeeded by others of similar character. We shall hardly be in-
dulging any vain imagination if we asli: ourselves what we may look foi-ward to
as regards their reports ; and to one point we may perhaps usefully apply ourselves.
What if a future 'Challenger' shall report of some island, now'known to possess

a, rich and varied animal population, that its present fauna has disappeared ? that
its only Mammals were feral Pigs, Goats, Rats, and Rabbits—with an infusion of
Ferrets, introduced by a zealous " acclimatizer " to checlv the superabundance of
the rodents last named, but contenting themselves with the colonists' chickens ?
that Sparrows and Starlings, brought from Europe, were its only Land-birds, that
the former had propagated to such an extent that the cultivation of cereals had
ceased to pay—the prohibition of bird-keeping boys by the local school-board con-
tributing to the same eHect—and that the latter ("the "Starlings) having put an end
to the indigenous insectivorous birds by consuming their food, had tm-ned their
attention to the settlers' orchards, so that a crop of fruit was only to be looked for
about once in five years—when the great periodical cyclones had reduced the
number of the depredators ? that the Goats had destroye'd one half of the original
flora and the Rabbits the rest? tliat the Pigs devastated the potatoe-gardens°and
yam-grounds ? This is no fanciful picture. I pretend not to the gift of prophecy

;

that is a faculty alien to the scientific mind
; but if we may reason from the

known to the unknown, from what has been and from what is to what will be I
cannot entertain a doubt that these things are coming to pass ; for I am sure there
are places where what is very like them has already happened.
You may ask why this is so ? why do these lands so speedily succumb to the

strangers from beyond sea ? One part of the answer is ready to hand with those
who have learned one of the first principles of biology which our great master,
Mr. Darwin, has laid down for us. Tlie v.'-eaker, the more generalized forms of
life must always make way for the stronger and more speciaUzed. The other part
of the answer is supplied by Mr. Wallace ; for no one can have studied his volumes
to much purpose without perceiving tliat the inhabitants of oceanic islands and of
the southern hemisphere—the great Australian Region especially, and South
America not much less, are the direct and comparatively speaking "little-chann-ed
descendants of an older, a more generalized and a weaker fauna than are the
present inhabitants of this quarter of the globe, which have been, so to speak,
elaborated by Nature and turned out as the latest and most perfect samples of her
handiwork.

Set face to face with unlooked-for invaders, and forced into a contest with them
from which there is no retreat, it is not in the least surprising that the natives should
succumb. They have hitherto only had to struggle for existence with creatures of
a like organization

; and the issue of the conflict which has been going on for ages
is that, adapted to tlie conditions under which they find themselves, they maintain
their footing on grounds of equality among one a'nother, and so for centuries they
may have " kept the noiseless tenor of their wav." Suddenly man interferes and
lets loose upon them an entirely new race of animals, which act and react in a
thousand different fashions on their circumstances. It is not necessary that the
new comers should be predacious ; they may be so far void of offence as to abstain
from assaulting the aboriginal population ; but they occupy the same haunts and
consume the same food. The fruits, the herbage, and other supplies that sufficed
to support the ancient fauna now have to furnish forage for tlie invaders as well.
Their effects on the flora there is no need for me to trace, since Dr. Hooker ex-
pressly made them one of the themes of that discourse to which many of us listened
with rapt attention a few years since at this Association. But the consequences of
the inva,sion to the native fauna have never been so fullv made known. The new
comers are creatures whose organization has been prepared by and for combat
throughout generations innumerable. Their ancestors have been elevated in the
scale of being by the discipline of strife. Tlieir descendants inherit the developed
qualities that enabled those ancestors to win a hard-fought existence when the
animals around them were no higher in grade than those among which the de-
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scenclauts are now thrown. Can we doubt that the victory inclines to the heirs of

the ancient conquerors ? The struggle is like one between an army of veterans

and a population unused to warfare. It is that of Spaniards with matchlocks and
coats of mail against Aztecs with feather cloaks and bows and aiTows. Ahihi

salus vietis. A few years, and tlie majority of native species are exterminated. But
this is not the worst. The species which perish most quickly are just those that

naturalists would most wish to preserve ; for they are those pecidiar and endemic
forms that in structure and constitution represent the ancient state of things upon
the earth, and supply us with some of the most instructive evidence as to the
Order of Nature.

With the progress of civilization it is plain that there will soon be hardly a laud

but will bear the standard of a Em-opean nation or of a community of European
descent, and, as things are going on, be overrun by their imports. If this wei-e

inevitable it would be useless to complain. But is it inevitable ? Is it not obvious

that most of this extermination is being carried on nuwittingly? and may not some
of it be avoided by proper precautions? If so, should not men of science make a

stand, and interest the ignorant or careless in the importance of the subject ? I

cannot divest myself of the belief that the course of tlie next century will see the

extirpation, not only of mo.st of the peculiar faunas I had in view a few minutes ago,

but of a great multitude of other species of animals throughout all parts of the

world. The regret with which I regard such extirpation is not merely a matter of

sentiment. Here sentiment aod science are for once on the same side. A heavy
blow will be inflicted on Zoology^ by the disappearance of some of these marvellous

and peculiar forms. There is no one species of animal whose structure and habits

have been so completely investigated that absence of the means of further exami-
nation would not be a distinct deprivation to vScience ; and as what Science has

done is only an earnest of vrhat she will do, we cannot say that the time shall ever

come when the want of those means will not be severely felt. It is then for

scientilic men, and for naturalists especially, to consider whether they are not
bound, in the interest of their successors, to interpose more than they have hitherto

given any sign of doing.

But outside this audience there are many who care little for consequences lilce

these. Such persons may, however, be impressed by thinldng that the indiscrimi-

nate destruction of animals which, in one way or another, is now going on, must
sooner or later lead to the extirpation of many of those which minister to our

wants, whether of comfort or luxury. The fur-bearing creatures will speedily, if

they do not already, requu'e some protection to be generally accorded to them ; and
that such protection can be efiectually given is evident if we take the trouble of

inquiring as to the steps taken by the Russian local authorities in Alaska, and now,
I believe, continued by those of the United States, for limiting the slaughter of the

Sea-Otter and the Fur-Seals of the adjacent islands to particular seasons. No one
can suppose that, even with the assistance we get from Siberia, our supply of ivory
will continue what it now is when the interior of Africa is pacified and settled,

as we can liardly doubt that it one day will be ; and, unless we can find some sub-

stitute for that useful substance before that day comes, it would be only prudent
to do something to check the wasteful destruction of Elephants. Many people
may think that the continent of Afi-ica is too vast and its animal life too luxuriant

for tlie efforts of man materially to affect it. If we inquire, however, we shall find

that this is not the case, and that there is an enormous tract of country, extending
far beyond our colonies and the territories of the neighbouring Republics, from
which most of the larger Mammals have already disappeared. There is good
reason to believe that at least one species has become extinct within the last tive-

and-twenty years or thereabouts ; and though I do not mean to say that this species,

the true Zebra, had any economic value, 3'et its fate is an indication of what will

befall its fellows ; while to the Zoologist its extirpation is a matter of moment,
being probably the first case of the total extinction of a large terrestrial mammal
since the remote days when the Mec/aceros hibeniictis disappeared.
Time would fail me if I attempted to go into particulars -svith regard to the

mmne Ma III nictlia. It is notorious that various member.'j of the Oi-deis Siretiia,

Cfitaren, and Pinnijiedia have recently dv/iudled in numbers or altogether vanished
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from the earth. The Manatee and Dugoug have been recklessly killed off from
hundreds of localities wliere but a century or so since they abounded ; and with
them the stores of valuable oil that they furnished have been lost. That ver}' re-

markable Sireuian the huge JRJiytina ffiffas has become utterly extinct. The greed
of -whalers is believed to have had the same effect on a Cetacean (the Bahena
biscai/ensis) which was once the cause of a flourishing industry on the coasts of
France and Spain. The same greed has almost exterminated the flight Whale of
the northern seas, and is fast accomiilishing the same end in the case of Seals all

over the world. You are probably aware that an Act of Parliament, passed in the
session of 1875, was intended to put some check upon those bloody massacres that
annually take place on the floating ice of the Korlh Atlantic," to which these
creatures resort at the time of bringing forth their young, when

"Sires, mothers, children iu one carnage lie."

But, whether through oflicial indiflereuce, or what, I know not, the treaties with
foreign nations authorized by that Act were not completed ; and last spring, at the
solicitation of certain Aberdeen or Peterhead shipowners, the Board of Trado
allowed "one year more" of wholesale slaughter. Whatever other nations might
like to do, our hands at least should have been unstained ! It is admitted that iu

certain manufactures—that of jute, for instance—animal oil is absolutely necessary.

It is eas)^ to see that before long there will be very little animal oil forthcoming.

"

There is another Class of animals with whose well-b;^ing the interests of man
are largely connected. It cannot be denied that our Fisheries are year by year
subjected to an ever-increasing strain, through the rapidly increasing population of
these islands, and are giving unmistakable signs of being unable to bear it. But
it must be admitted that the consideration of their case is fraught with unusual
difliculties. Commissions, either Royal or Parliamentary, have been appointed
one after another to inquire into the facts and to seek a remedy, if one is to be
found, for the falling-off. It is with great diffidence that I venture to pass any
criticism on the recommendations made by those Commissions, and especially on
such as were contained in the lleport of a Commission the constitution of which
was such as to inspire the greatest respect, since men so eminent as Prof. Huxley
and Mr. Iloldsworth were named in it. That Commission reported in effect that
there was nothing to be done with our Sea-Fisheries but to leave things alone. I

do not profess to quote the words of the lieport (which, indeed, I have not seen
for a long time) ; but in substance, I believe, it amounted to this :—That the
natiu-al enemies to which Fishes were exposed were so multitudinous, so crafty,

and so rapacious, that their destruction b}' man was verj" slight in comparison, and
that his interference might be safely neglected iu considering its consequences.
Now it has always seemed to me that the Commissioners on this occasion sufl'ered

themselves to be deceived. Well aware of how little is known as to the indirect

effects of man's acts in regard to the lower animals, and in their fear lest any rm-
forseen bad results should follow from measures intended to be remedial, they re-

commended none at all. But I fail to discern that land or sea makes finj' essential

difference in the laws of life. The balance of Nature must be preserved as steadily

in a dense as in a rare fluid—in water as in air—or all will not go well. What-
ever be the weight in either scale, equipoise is as easily destroyed by an ounce as

by a ton. The marine Fishes that are of such commercial importance (Cod, Her-
rings, and the like) have naturallj-, no doubt, enemies innumerable—Dogfisb, Cor-
morants, Porpoises, and what not ; but we know that, owing to their fertility and
habits, the Cod and Herrings have continued till lately to contend successfully

v.'ith these drawbacks and to maintain their numbers. It matters not if only one
egg of the 10,G00, or whatever be the number in the roe of a Herring, produces a
flsh that arrives at maturity and escapes its natural enemies, so long as that one
fish is sufficient to supply the place of its parent. Now this, according to the
arrangement of Nature, has hitherto been the case. But if, instead of that fish

living to propagate its kind, it is cut off before its time hj an enemy against whom
Nature has made no provision, her balance is at once destroyed ; and the oftener
the operation is repeated the sooner will the numbers of the species dwindle; and
the dwindling will go on in a rapidly accelerated ratio. Therefore it seems that,
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8) far from leaving our yea-Fisheries unrestricted, it is highly uocessary t'l

impose some limitation upon them ; and, so far from dreading interference,

our interference is at present so fiital that further interference of another

kind is rei^uired as a counterbalance; while that counterhalauce Science only can

apply.

As much may be said for those other industries, in common speech also

called "fisheries"—the taking of Oysters, Crabs, and Lobsters, all of which have
lately been diminishing in a still more alarming degree. Here Parliament has

wisely resolved to interpose, though whether the manner of interposition is wise

seems to be a matter on which, as few natm'alists have been consulted, we liad

better reserve our opinion.

Thus, without troubling j'ou with many technical details, I have striven to lay

before you a sketch of man's treatment of some of his fellow-creatures, and of the

effects which have sprung, or certainly will spring, from it. There is probably

hardly an island on which he has set foot, the fauna and flora of which has not

been in some degree influenced b)' his even temporary' presence ; there is assnredly

not a continent, though a continent takes longer to subdue : and his control does

not stop at the shore; for, if what I have been advancing is true, the inhabitants of

the deep come also more or less under his dominion. I invite you to contemplate

whether it is always, or even generally, that of a beneficent ruler. But it will

doubtlijss be urged that this kind of thing has gone on for ages—ever since life

first existed on the earth. I may be told, in the words of the great poet of the

country in which we now find ourselves,

—

" Look abroad through Nature's range,

Nature's mighty law is change
;

Why then ask of silly man.
To oppose great Nature's plan ?

"

I would answer from the same source that

" man, to whom alone is giv'n

A ray direct from pitying Heav'n,"

.should by means of tliat ray not oppose Nature, but r.ather second her preser\ati\'e

measures. That ray is the ray of Science. "VYe can only govern Nature by obeying
her, only by obeying her can we assist her. To obay her laws we must know
them ; what can we know of them but what Science teaches us ?

It may be said that I have taken too gloomy a view of this matter of the extirpa-

ti(m of animals by man. I wish I could think so. But I believe that if we go tu

worli in the right way there is yet time to save many an otherwise expiring species.

In this country there is happily a strong disposition, which gi-ows stronger day by
day, to preserve our wild animals. It is very desirable that this feeling should
not be limited to the British Islands. If it is, as I maintain, a right feeling—

a

feeling sanctioned alike by humanity, by Science, and by our own material interests

—

it cannot be too widely disseminated. But its propagation must not be left to

humanitarians and sentimentalists, whose eftbrts are siu-e to be brought to nothing-

through ignorance arid excess of zeal, nor to economists, whose endeavours would
unquestionably fall short of what is required. The ofliciousuess of the one class

and the slackness of the other must equally be tempered by the naturalist. He
can be trusted not to interfere with the use, but with the abuse, of the animal
world. Onh' to do this he must place himself in the forefront of the movement

;

for he can submit to no other leader. lie alone has, or should have, that Imow-
ledge which gives the power of coping successfully with the difficidt questions that

will arise ; and the advantage it gives liim he must not abstain from exercising.

If, without offence, I might here paraphrase some vener.iblo words, I would say

that, according to the greatness of this power, we must preserve those that are

otherwise appointed to die.

1876. 13
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Akatohx and Phtsiologt.

The Future of PJiijsiological. Research.—Address to the Department ofAnatowy
and Physiology. By John Geet M'Kendeick, M.D., FeJloiv of the Royal

Colleye'of Physicians, and of the Royal Society, of Edinburgh.

Bearing in mind the fact that one of the objects of the British Association is to

interest the public in the advancement of scientific truth, it has been the practice

of the Pi'esidents of the Tarious Sections to make some remarks of a general cha-

racter, or to give a remme of the recent progress of science in their particidar

department. I shall follow so far the example of my predecessors. I shall not

attempt to enumerate, far less to describe, the contributions made to anatomical

and physiological science during the past year, because that vvoidd entail a long
and wearisome report regarding investigations with which most of us are abeady
acquainted by the perusal of those excellent summaries that appear from time to

time in our scientific and medical peiiodicals. With the Tiew of limiting the

scope of this address, I propose to oft'er a few observations bearing generally

upon some of the scientific and social relations of anatomy and physiology, with
the view of interesting the public in what we have been doing, and what we hope
yet to do.

These sciences present different views of the same great system of truth. Each
can be conceived as existing independently, wliile at the same time the one science

is the complement of the other. Anatomy is the science of organic form, while
physiology is that of organic fmiction. The anatomist investigates structure, its

form, general arrangements, and laws, and he may include in his survey the pnr-
poses or functions which the strncture fulfils. Eecently an opinion has been pre-

valent, and has cropped up in various quarters, that anatomy is but a preparatoiy
science for physiology. This opinion has probably arisen in consequence of the
rapid growth of physiological science during the last twenty or thirty years. But
there can be no doubt that anatomy has a role of her own by no means inferior to
that of physiology. She lias to educe formal laws which determine the structure

of organized bodies and their parts, and thus she establishes the basis for scientific

classification and arrangement. Anatomy is the beginning, of coiu-se, of all medical
education, and the groundworlc on which the practical arts of medicine and sur-

geiy are reared ; but in a broader sense, the science has to do with the structure of
every animal, from the simplest to the most complex ; and from the facts obtained
in the investigation of the structure of any animal, we are able to recognize the
relationships it has with other animals, or, in other words, its position in the Zoolo-
gical scale.

Methods op Anatomy.

The methods of anatomical science are dissection, description, and comparison.
These methods have been followed by anatomists from the birth of the science ; but
in recent times they have been largely supplemented by the use of the microscope,
and by the emplo;^Tuent of various modes of preparing tissues for microscopical
inquiiy. Now-a-days the anatomist not only describes naked-eye appearances dis-

played by the art of dissection, but he scrutinizes every tissue and organ with the
aid of the microscope. Hence it is, the historian of the progress of anatomical
knowledge in this centuiy will have to relate, as one of its chief features, the deve-
lopment of microscopical anatomy or histology. In no department of scientific

work is greater activity manifested at present than in this. Scarcely a month
passes without adding materially to our stores of knowledge, so as to make it

almost impossible for a man to keep abreast of modern histology, and at the same
time devote due attention to other departments of anatomy and physiology. In
Germany and France men devote their energies to histology as to the business of
their lives, and occupy chairs in many uni^-ersities distinct from those of anatomy
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and pliysiology. In this country, from social and other considerations, such a divi-

sion of labour'is not generally made, but the time will assuredly come when it must

be done.

Histology.

It may be supposed from these remarks that I regard histology as lying entirely

wilLin the province of anatomy. By no means. Histology is neutral territory

between botli. It is that department of knowledge where tlie two sciences over-

lap. The physiologist must investigate minute structure, in which the beginnings

oi^pliysiological processes take place, because without Imowledge of it all his ideas

as to functions of organs or tissues would be superficial and unsatisfactory. When
a physiologist examines a tissue, or a section of an organ, however, the morpholo-

gical aspect is not what is prominently before his mind, but its mode of function.

To him the form, size, position, and relations of tlie cell are not the special subjects

of interest, but its probable mode of action in the economy. He therefore wishes

it coidd be seen working, or at all events in conditions as nearly normal as possible.

This desire has ab-eady led to the invention of various new methods of research,

such as those of the hot stage, or plans for the observations of changes in cells or

fibres in parts accessible to the microscope, methods which have already been fruitful

of good residts. I have a firm belief that this line of work has by no means been

followed to the end, and that along it the physiologist 'will still be conducted to

rich harvests in the fields of histological research.

Methods of Physiolooy.

The kindred science of physiology has for its object the elucidation of unction,

and it has, in addition to the methods of anatomy (namely, dissection, description,

and comparison), those of pathological observation and experimentation. It is con-

fessedly the science most ditficidt of all to prosecute. The subjects of investiga-

tion are intricate in structm-e, and are formed of complex chemical materials, which
are in constant interaction with the surrounding world. Each animal is a machine,

the intricacies of which are infinitely more involved than those of any human
mamrfacture. To stop this machine, in the attempt to discover the action of one

of its parts, is a proceeding, in many instances, v/hich interferes with the very part

the action of which we wish to find out. As we descend in the scale of animal

life, and the machine becomes less complex, this difficidty is not so obtrusive, inas-

much as in many animals of simple organization there is not the same dependence
of organ upon organ, and of tissue iipon tissue, as we find in the more complex.

But in most experimental researches in other sciences the conditions are also mani-
fold, and tlie acumen of the philosopher in all is tested in distinguishing the essen-

tial from the non-essential conditions.

In the further prosecution of physiology as a physical science, which it really is,

experimental inquirj', with the aid of precise instruments, and the facts derived

from the observation of the course and effects of disease, seem to me to be the two
lines of evidence which will in future weigh with us in coming to just conclusions.

No doubt it is quite true that much of the minute anatomy of the human body,

and more so of the minute anatomy of the bodies of the lower animals, is still

unknown, and tliat tliere are probably many details, visible only to the microscope,

not yet discovered, which may influence our opinions as to the exact functions of

parts. This is especially true of the structure of the ncrve-centi'es. Vs'e have at

present only very general conceptions of the arrangements of the cells and fibres in

these parts, and it is highly probable that future discoveries in this difficidt field of

investigation may change our views, not only of nervous action in general, but of

the functions of particular centres. Accordingly there can be little doubt that as

tlie naked-eye dissection has revealed structural arrangements which have hitherto

guided the physiologist to correct notions of function, so in the future a similar

service will be done to physiology by the histologist. Still physiology will have to

depend less on aid of this nature, and more on the facts obtained by the methods
l3*



128 REPORT—ISrG.

of patliological observation and expeviment. These methods are essentially of tlic

same order. Tbey vary the circumstances of the phenomenon we Avish to investi-

gate, and, by the application of well-known logical rides, we succeed in eliminating

the cause of a phenomenon from its indifferent accompaniments. Diseased condi-

tions, as has been weU said, are experiments ready at hand, and every physician

and surgeon of scientific spirit is from day to day engaged in investigating these

conditions, not oiJy with the view of curing his patient, but with the hope of
throwing light on complex physiological processes. But direct experiment has the
advantage over the observation of pathological effects, that it enables us to vary
the conditions of the phenomenon as we desire. Thus the functions of the nerves
were ascertained by the experiment of dividing each in turn, and watching the
effect. When a function is arrested immediately on the division of a nerve, it is

held that that function reqiures the nerve in order to its performance.

ThK ViVISECTIOX (iL'F.8TI0N.

I make these remarks regarding the value of the experimental method in phj'-

siology, because we cannot forget the attempt whicli has recently been made
to restrict us in the use of this important aid in prosecuting our science. I shall

not enter again upon the controversy which has raged in this country regard-
ing experiments upon animals, because by the passing of the Bill a practical

solution of the question has been arrived at in the mean time, and it now
becomes us, as good citizens, to do all in our power to carry out the provisions of
the act, and to give it a fair trial. I may be permitted to saj', however, that I

always recognized the right of the public to agitate on this question if they consi-

dered that cruelty was being perpetrated. I hope the day will never come when
tales of suffering inflicted either on man or beast will be heard by us with calm
indifference. The complaint I have against a section of the public is, that they
belie\ed apparently all they were told, and condemned us without waiting for

explanation or defence. At the same time, it was not wise to meet this agitation

with contempt and scorn ftn- the ignorance of those who carried it on ; and it seems
to me that the appointment of a Ro^'al Connnission to investigate the facts of the
case was the best thing that coidd have been done by the Government. That
Commission was composed of three eminent statesmen—Lord Cardwell, Lord
AMnmarleigh, and Mr. Fcu-ster ; of a great lawyer, skilled in the art of obtaining

and weighing evidence, Sir John Karslake ; of one of the leading biologists in this

country, Professor Huxley ; of a surgeon who knew the relation of physiology to

the practical art of treating disease, Mr. Erichsen ; and of a leading journalist and
most able thinker, Mr. Ilutton, the editor of the ' Spectator.' Thus composed of

men Ukely by character and previous training to ascertain the truth, and to suggest

wise procedures, it held numerous meetings, examined witnesses partial and impar-
tial, collected a body of evidence of a most interesting and diverse character, and
gave in a report which, while it recommended legislation, is generally in t^ivour of

lihysiologists. No one can read the evidence in the blue book, and the report

to.inded thereon, without coming to the conclusion that the case of those who
r lised the outcry against physiologists in this coimtry completely broke down. On
considering this report, the Government brought in a Bill, certain of the provisions

of which seemed not only oppressive to physiologists, but were calcidated, if carried

into law, to impede tht^ progress of science. The members of the medical profes-

sion who knew the \olne of the experiuieutal method in physiological research,

and who were painfully conscious of the many imperfections of the art due to want
of knowledge, were now arotised, and, by a use of the machinery of the ' British

Medical Association,' they aided the few physiologists of the cotmtry in making
representations to the Government, which were favourably received, and whicli

led to important modifications in the bill. That bill has now passed into law, and
I appeal to our opponents to desist from further agitation. The case has been tried

and the verdict has been given. For my own part I was all along opposed to

legislation as being quite unnecessary in the circumstances; but I had, at the same
time, that confidence in the common-sense and good feeling of our legislators, as to

I
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I'xpecL a bill favourable to physiologilijt.s when the facts were put before tiiem.

Home ol" our oppoueuts, led away by tlieir feelings, have put in print many erroneous
statements. Ilosts of pamphlets* have been circulated, many of them well meant,
biitutterly wrong both in form and matter. For a seasou these pamphlets pro-
duced eflects, and many people of good intentions were led astray. But a reaction

liegan, and when the leading members of the medical profession came forward
boldly and stated their opinions, it was soon completed.

The only preventive for such casual excitements is the diflusion of Iniowledge.
I have no beUef whatever in the theory that most people are fools on questions of

this kind. The gi'eat majority of our people of both sexes are perfectly capable of

, reasoning and of forming sound opmions. What they require is knowledge, evi-

dence, and representations strong enough to overcome the bias of prejudice. I
therefore warn om- opponents that if the agitation be continued, we will appeal to

the bar of public opinion. We will instruct the public through the press, on the
].)latform, and by the pamphlet, and I have no fear of wliat the issue will be. The
i'act that the members of the medical profession who, by Iniowledge and habits of

thought, are best competent to judge in this matter, acted as they did, indicates at

once the result.

Importance of teaching Biology.

This leads me to sav a word as to the diffusion of biological knowledge amonn
the people. I regard this as one of the healthiest signs of our day. A general
knowledge of the structure and functions of the human body, of its necessities, of
those agencies which act prejudicially upon it, and of those conditions which favom'
long life, the relief of pain, the prevention of sickness, and the ti-ansmission of
healthy offspring, cannot fail in being of high practical importance. Furthermore,
tlie acquisition of knowledge of the general laws of life as seen in the various living
things about us, in addition to being an intellectual training of great value, will

probably engender a feeling of Idndness for every living thing, and thus even
animals will share in the benefit. At one time knowledge of this kind was almost
wholly reserved for the medical profession ; but now it is taiight in eveiy vUlage
school. The instruction of ladies in a knowledge of the general structure and
functions of the human body has recently been successfully carried on in various
parts of the country, more especially in Edinburgh and Cambridge ; and I can state,

from my own experience of this matter, that there is no diihculty whatever in so
treating the subject as to make it interesting and instructive v.-ithout giving it too
much of a professional character. The effect of education of this kind will be thnt,

within orie or tv\-o generations, many social questions will be viewed more from ti.e

physiological standpoint tlian at ])resent ; doctors will be able to give an ijitelligiblo

explanation to their patients of their condition, when it is deemed judicious to do
so—a feat not easy of performance at piresent; the management of the side will be
better attended to on more rational principles

;
quackery will waste away by de-

grees, because it will have no ignorance and credidity on which to feed ; and legis-

lation will be prompted in many instances not by emotional agitations, but by
enlightened views of the physical nature of men.

I cannot help mentioning the name of Professor Huxley in connexion with fjje

introduction of this gi-eat subject among our educational apphances, both as (o
what should be taught, and how to teach it; and it may not be considered prf-
sumptuous in me to predict that this alone will entitle himto a place in the thonghls
of posterity.

rpACTiCAL Aspects of Anatomy and Phy.siology.

There is an imprestsion in the minds of juariy regarding our scientific work whicli
T would like to remove; and here I direct my remarks, not to purely scientific men,
but to the public. Many stiU think that anatomy and physiology ha\e no practical

hide, and consequently they do not take that interest in their prosecution which
they otherwise would do. The results of the triumphs of physics, cheniistrv, and
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engiueeriiig are so patent to all as to excite universal interest, so that you will

often tind a man of average intelligence readily engrossed in any new discovery of

physics or of chemistiy, while he is uiditferent to new facts in the domam of

biological science. This state of mind, of course, is due to a want of appreciation

of the practical aspect of our work ; and I hold that tiU the man be better informed,

he is qvute entitled to take this \iew of the matter. But I wish to point out that,

although oiu- sciences occupy their o^vn place as abstract systems of truth, bearing

no apparent relation to the wants either of humanity or of the lower animals, still

they have also a practical aspect of the highest importance. My belief is that

evei*y advance in science, by adding to the sum of himian knowledge, and thus

enabling man to have a correct idea of his true position in the universe, and of his

relations to it, wiU ultimately promote both his ovm material well-being and that

of the other livmg things about him. I do not see how it can be otherwise ; and
the history of the past supports this view. Knowledge promotes civilization ; and
the progress of civilization, on the whole, lessens suffering and increases the

physical sources of happiness both to man and beast. The thought must therefore

be urged, that eveiy research, however far removed it may appear to be at first

from havmg any relation to the welfare of living things, occupies its j^lace in leading

to this grand consummation—Ufe, liberty, and happiness to all. From many illus-

trations which occm* to the mind, I shall take oiily one. M. Pastern- proved that

in the atmosphere there exist germs or particles of matter, caU them what you
will, which excited fermentation and putretaction in certain fliuds. Of this, I think

there cannot be any reasonable doubt. Whether fermentation be always the residt

of the presence of germs is another question, upon which I shall not enter, nor shall

I engage on a discussion of the question of so-called spontaneous generation, which,

though higlJy probable, has never, in my opinion, been proved. These investiga-

tions of Pasteur, relating to which a great controversy has taken place, referred to

animal and vegetable organisms of the very humblest type, organisms so small that

to prove their veiy existence in the air, indirect and complicated methods of

procediu-e had to be adopted. But Mr. Lister, who once occupied the Chair of

Surgery in this University, and who now adorns the Chair of Chnical Surgery in

Edinburgh, was attracted, whilst he was in Glasgow, by the doctrines of the

eminent French chemist ; he repeated experiments to satisfy himself of their truth,

and he came to the conclusion that these particles in the air are the som'ces of

disturbance in wounds, leading to suppuration, putrefaction, and many gi-ave

constitutional symptoms. To remove the influence of these germs, he devised the

antiseptic system of treating wonnds, a .system first put into operation in this city,

and which is attended with great success in the hands of tliose who practice it

carefully. Slowly but surely this system—the greatest advance in surgery since

the days of John Ilmiter—is winning its way in this country, on the continent, and
in America. The surgica,l mind is eminently conservative and not easily convinced

;

but it gives way after a struggle, and the benefit both of the preliminary caution

and of the subsequent vigorous adoption is to humanity. What does the prac-

tice of this system of treating wounds mean? It means, speaking generally,

the banishment of pyaemia and surgic.al fever from hospitals, the jiossibUity of

performing many serious operations with comparatiAe safety to the patient, the

relief of pain in the dressing of wounds, and the saving of human lives. I need
scarcely add that Professor Lister did much in his earher years to give him a high

place among British physiologists, but, in addition, he has showed the successfid

apphcationof purely scientific knowledge to the advancement of the art of sm'geiy;

and in suggesting a method by which life may be saved and suffering mitigated, he

has earned the gratitude of humanity.

Impobtance of In^t-stigations on the Physiological Action
OF Active Substances.

There is another field of physiological research which promises to confer great

practical benefit on the human race. I refer to the investigation of the physio-

logical action of active substances, which may lead us not only to the discovery of
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important therapeutic agents, but to a knowledge of the relation -which exists

between the chemical constitution of a substance find its physiological effects.

Already a considerable amount of work of this kind has been accomplished. The
physiological action of the various anajsthetics (such as chloroform, chloral, alcohol,

&c.), of narcotics (such as morphia, narceine, narcotine, codeine, and many others),

and of alkaloids (such as strychnine, brucine, nicotine, atropine, hyoscyamine, physo-

stigmine, muscarine, veratrine, acouitine, digitaliuc, santonine, ergotine, and quinine)

has been carefidly studied. The celebrated research of Professor Crum Brown
and Dr. Thomas K. Fraser, upon tlie physiohigical action ofthe methyl-, amyl-, and
ethyl-substitution compounds of ceitaiu aUialoid^, in which they showed that a

change in chemical composition was attended by a change in physiological action,

opened up a new held of discoveiy. The investigations of Dr. B. W. Richardson

on the action of homologous series of alcohols and ethers, and the obsers'ations

made by Professor Dewar and myself on the action of the chinoHne and pyridine

series of bases, and their substitution compoiuids, all tended to illustrate the same
general truth. Nor must I forget to mention an interesting series of investigations

made by Professor Gamgee, of Manchester, and his pupils, communicated to our

Section' and at the present meeting, on the action of Aarious compoiuids of the

rare metal vanadium, on the action of chromimu salts, and on the differences

between the physiological actions of ortho-, meta-, and pyi-o-phosphoric acids.

Here, again, we had a further illustration of the important facts that the physio-

logical action of any active substance is affected (1) by the number of atoms in the

molecule and its complexity of structure, and (2) by the degree of stability of the

molecule. Tliat is to say, the more coniplex the molecule, the more intense and
prolonged Avill its action probably be ; and, on the other hand, if the molecule of a

substance tend readily to break dovm or split up while circulating in the blood, it

will act more intensely than if it held firmly togetiier for a considerable time.

These generalizations are merely tentative. Vre have not yet sufficient data to

entitle us to term them general laws.

Now no one can glance oxer any work on organic chemistry without seeing on
e^-ery page the names of substances regarding the physiological action of which we
know nothing. I would not have these mvestigated in a promiscuous manner,
with the vague hope of coming upon something new. Here, as elsewhere in

science, we must be guided so far by the light cast upon the unkno-«ai by former

discoveries, and by those general laws which have been formulated by previous

im-estigators. Nor is the mere discovery of new poisons any thing but a " sorry

task," unless the research lead us to an agent likely to be of therapeutic value, or

to the enimciation of an important general principle. But former experience

warrants us in hoping, nay in expecting, that new useful agents will yet be disco-

\ered. I need not refer to the practical applications of cliloroform and ether, as

these are too well known to need any eulogy from me ; but I may be allowed to

direct attention to chloral, first discovered by Liebig in 18.32, and known for many
years merely as the ultimate product of chlorine upon alcohol. It was only a few
years ago that Liebreich, of Berlin, pointed out its important physiological action,

and it is now recognized as a therapeutic agent of the highest Aalue. Its use, no
doubt, has often been sadly abused, and people have often trifled with a powerful

physiological agent even to the loss of their lives ; but when we think of the hours

of pain v\-liich many a weary sufferer has e-;caped by its use, we cannot but regard

it as a boon to humanity.
Here the physiologist must go hand in hand with the chemist. The chemist in

his laboratory prepares the substances, and builds up new compoiuids by those

wonderful synthetic processes which are now the gloiy of his science ; it is then

the duty of the physiologist to investigate the actions of these. By imited work,

who can foretell what may be accomplished ? For example, may we not hope to

see the day when such a substance as quinine, or a substance having similar

therapeutic properties, may be produced artificially ; or, may we not obtain an

anajstnetic as potent and even less dangerous than those at present employed ?

Nor have we yet investigated the physiological action of the active principles of

thousands of plants, many of which may prove to be of great value. Let us

remember the well-known words of Shakespeare, as Romeo—the loAe-stricken
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llomeo—repairs to Friav LaAxveiice'.s cell, "when grey-ej'"d morn tuiiles ou lliU

Jro-wiiiug niglit." The old friav thus soliloquizes :

—

" I musl^ up-fill this osier cage of ours

Witli baleful weeds and precious-juiced flovrers.

# # * * *

Many fov many virtues excellent,

None but for some, and yet all difTerent.

O, mickle is (he powerful grace that lies

In herbs, plants, stones, and their true qualities

:

* * » »

Within the infant rind of this weak flower

Poison hath residence, and medicine power

;

For lliis, being smelt, with that partel-.eers each part
;

Being tasted, slays all senses with the heart."

Borneo and Juliet, Act II. Scene 3.

I cannot help noticing here, in passing, that Shakespeare appears to liave con-

ceived the notion of the phj^siological antagonisms of drugs, -which is generally

regarded as quite modern, although the practice of using antidotes has been

followed from the earliest times. Thus in the interview between tlie Queen and

Cornelius, the physician, in C'ynibeline, slie says :

—

" Having thus far proceeded,

(Unless thou think st me devilish) is't not meet

That I did amplify my judgment in

Other conclusions? I will try the forces

Of these thy compounds on such creatures as

We count not worth the hanging (but none human),
To try the vigour of them, and apply

Allayments to their act, and by them gather

Their several virtues, and electa."— Cyinbelinc, Act I. Scene G.

Rel.\tion of Physiology to Medicine.

I may now be permitted to fay a few words regarding the present position or

attitude of physiological science. I am in the liabit of tliinking of physiology, not

only as a ]ihysical science in itself, but as having a direct relation to two other

aciences—medicine and psychology. Carrying out this idea, were a sculptor to

form a group, he might lepresent physiology, on the one hand, dispensing gifts and

affording assistance to medicine, and, on tlie other, pointing upwards to psychology as

the greater sister of the three. Abandoning metaphor, there can be no doubt physio-

logy is most intimately connected with these sciences. First of all, with regard to

medicine (and by this"term of course I mean the whole art of detecting and curiiig

di-ease), there arem any problems Avhich physiology alone can solve. The origin of

disease, the steps of the clianges by which organs and tissues become so altered as

to produce what is called a diseased state, the effects of one diseased organ upon
others which are healthy, the actions of remedial substances, both in the healthy

and in the diseased condition, are all physiological processes, many of which cannot,

in the present condition of society, be thoroughly investigated by a practitioner,

who is often too busy a man to engage in this kind of work. Such labour must be

handed over, to a large extent, to a special class of men. They must investigate,

experiment, and work up the subject in the laboratory— either the physiological

laboratory of the university or school of medicine, or of the hospital or infirmaiy—
as the business of their lives, and from time to time announce the results. These
results must be checked by past experience, or by a Iniowledge of cases apposite to

the point, by the men who come into daily contact witli patients, and their verdict,

so far as any practical benefit is concerned, must usually be regarded as iinal.

Impohtance of Systematic Investigation of Diseases.

In the present state of science, we liave not reached that subdivision of labour,

m-r need it be ever absolutely coniplete. Many of the best contributions to physio-
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l(^;.Mc,al ainl [jatl'.okigical science, during tlie post twenty ycar.s liu\e Lowi fioni

iiH'ii busy in practice. Siicli busy men -will, no doubt, ahvays be found in tlie

rnnks of tlie medical profession, and they -will contribute so far to tbe adA aiicement

if medicine; but in the future, niucli scientific work, as a ba.^is of tlie practical

treatment of disease, must be done by men specially devoted to tlie laboratory, the

patholof^ical theatre, and the clinical ward. The origin and progress of these

diseased processes which cause cancer, tubercle, rheumatism, and gout, with all

their Kttendant evils, the discovery of the poisons which produce fever in its mani-
fold forms, the modes of counteracting- these poisons so as to arrest the progress of

fever at an early stage, and the iuvettigation of those diseases which destroy

thousands of our domestic animals, are all subjects which must be investigated

more systematically and on a larger scale than has yet been done. Such stupendous
work can scarcely be left to individual effort. To carry it on recjuires men, time,

and money; and'these can only be supplied by the aid of governments, or munici-

palities, or by private munificer.ee. Already excellent work has been dene by
Professor Burdon Sanderson and his cradjutors, by Dr. Klein, and by Dr. Thudi-

cim), for the Medical Officer of the Privy Council, and by Professor Rutherford,

Dr. Braidwood, and others, at the instance of the Briti.'h Medical Association
;

but still the amoimt of aid gi-^-en is small alongside of what is lavished, for

example, in warlike experiments. Compared with what is needed for the nianu-

factiire, testing, and equipment of an 80-ton gun, designed to destroy human life

and property (no doubt on the theory that it is for the ultimate welfare of the

State to do so), a small sum would be necessary ; but authorities do not yet see the

\akt importance of inc[uiries of this kind, and consequently consider two or three

thousand poimds per annum sufficient. We accept gratefully wh.at help is gi^en
;

but we look for more. I hope to see the day when Government will equip and
thoroughly furnish a body of men for the investigation on a large scale of the

genesis of such diseases as tubercle or of typhus fever, both of wl'.ich kill in Great
Britain alone thousands of people aiinualh', just as they have sent cut a 'Chal-

lenger' expedition to explore the depths of the sea, or have at present a number of

brave men engaged in the attempt to discover the North Pole. To strike at the

root of one of those great maladies that afflict the human race, such as cancer,

tubercle, or fever, weidd confer an inestimable blessing' on humanity, and honour on
the Government that proposed and carried out the imdertaking.

Relation of Physiology to Psychology.

As I have said, physiology is intimately connected with psychology, or of the

science of the mind ; and as this department of pliysiolegical "work has lately been

my chief study, I may be allowed to refer to it a little more in detail.

Psj'chology may be divided into two parts :—first, all those pl;enon:cna which we
may include under the term mind properly so called, such as feeling, volition, and

intellectual processes ; and second, tlie phenomena which are associated with, and

which indicate the alliance between, mind and matter. Every mental act may be

regarded in the present state of knowledge as liaving a double aspect—on the one

side it is known to our consciousness, and on the other side it is tl;e result of a

number of physical processes occurring in tlie brain.

The Methods of Psychology.

In the investigation of mental pdienomena, two modes of inquiry have been

b.itheito followed. First, that of introspection and reflection, in which the inves-

tigator looks within himself for the facts of his experience ; and f ecor.d, that of tl;o

examination of physiological processes which coincide with sensorial or mental

changes. It is evident that the first of these methods, usually called the subjective,

is open to the objection that by it a mind attempts to obseive its own operations,

and that the proceeding is somewhat analogous to asking a machine to im estigate

its ovvni mechanism. This objection, urged in other words by Comte, Maudsley,

and others, may be answered by replying that the subjective method does not

attempt to explain the physiological phenomena concomitant with mental states,
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but the laws whicli regulate these mental states themselves. Suppose a compli-

cated machine possessed consciousness, I can readUy understand that by the

exercise of this consciousness it might be unable to discover the relation and
mechanism of its own parts, because in attempting to do so the machinary would
be so interfered with as to prevent normal action ; but it might still be able to

study the products of its operations. I do not, therefore, decry this old method of

psychological research, as it is so much the fashion to do in these days. Apart
altogether from the philosophical speculations and systems of philosophy founded
upon them, I think many data accumidated by such men as Locke, Berkeley,
David Hume, Thomas lleid, Dugald Stewart, Thomas Bro^^^l, Sir William
Hamilton, and James Mill have as good a right to be considered correct as some
of the quasi-metaphysical conceptions of modern physical science. Subjective
inquiry carried on by such men cannot be given up as a mode of psychological

research. It may not carry us much further than it has done, but it has rendered
good ser^ice already, and may possibly do more.

But, on the otlier hand, the object!\e method appears to me to be the one which,
in future, will be principally cultivated ; and it is for this reason that, as a ph^'.-iolo-

gist, I wish especially to refer to it.

It is the busmess of physiology to supply psychology with information regarding
physical processes occurrhig in the nervous system ; and it is one of the special

features of the physiology of the present day to direct attention to the physical

side of mental phenomena. No doubt Aristotle, Hobbes, and Hartley incorporated
into their psychological theories much that was purely physiological ; but in their

days the physiology of the nervous system was in a crude state, and, consequently,

did not lead to great results. In comparatively recent times, a new inductile and
experimental department of science has arisen, the nature of which is indicated

by the term physiological psychology, and wliich is being diligently cultivated by
numerous workers, both at home and abroad. In our own country the writings

and researches of Herbert Spencer, Alexander Bain, Dr. Laycock, George Henry
Lewes, Dr. Maudsley, Dr. Carpenter, Alfi'ed Barratt, and James Sidly, and on the
continent those of Fechner, Ilelmholtz, Wundt, Hermann Lotze, Taine, Donders,
Plateau, and Dalboef, have excited much interest, and have led to the formation of

a new school of thought.

I think it right to mention here specially the name of Professor Laycock, who
has done more, in my opinion, in this field of inquiry than any other member of the
medical profession of tliis coimtry in our time. His teaching has largely contri-

buted to our present humane methods of treating the insane ; he has attracted year
by year some of the best students of the University of Edinburgh to this important
dopai'tment of medical practice ; and his earher writmgs incontestibly show that

many years ago, and prior to most of the writings of those great men whose
names I have just enumerated, he not only recognized the value of physiological

research with regard to mental phenomena, but made important contributions

himself.

Physiology lias thus encroached on psychology, and is attempting to supply from
the objective side an explanation of at least the simpler mental phenomena. As a
proof of awakened interest in this department, one of t])e features of the past year
has been the appearance of ' Mind,' a quarterly journal of psychology, edited by
my able friend Professor Groom Robertson of University Gollege. In the pro-

spectus of this journal it is .stated that "psychology, while drawing its fundamental
data from subjective consciousness, will be understood in the widest sense, as

covering all related lines of objective inquiry. Due prominence will be given to the
physiological investigation of nerve-structure." This quotation indicates the view
which the editor takes of the relation of the two sciences, and alread}' valuable
papers have appeared on subjects connected with physiological psychologj', from
the pens of Sully, Lewes, Wundt, and others.

Now a certain class of thinkers are alarmed by work of this kind. They are
afraid of the tendency " to represent the mental fact as a physical fact," and they
are inclined to shut their eyes to the physical facts connected, undoubtedlj', with
psychological processes, and to be contented with the study of subjective pheno-
mena. But as most admit that there are two aspects in which mental phenomena
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may be viewed, why should not both be looked at carefully? If it be also

admitted that it is impossible to conuect any physical process (supposing we knew
it) occurring in brain-cells with an act of consciousness, what is the use of taking
a one-sided ^iew of the phenomena in question ? Why not study both sides of the
])roblem, and give up the attempt at reconciliation, which is entirely beyond the
pale of our faculties ? This mystery of mind and matter has puzzled thoughtful
men from the earliest times. Some have attempted a reconciliation. They have
leasoned in a circle, so that most people, after perusing tlieir works, are no nearer
an ultimate solution than they were at the beginning. We always come back to

this view of the case, namely, that every fact of mind has two aspects, a physio-
logical and a psychological. That is one way of looking at the problem, and it is

tlio one which, in the present state of knowledge, personally I prefer. ]3ut there
is another. Thus, as has been well argued hj Mr. George Henry Lewes in his

recent work, ' Problems of Life and Mind,' two very diti'erent descriptions may be
given of one and the same mental activity. The one may be expressed in the
language of psychology, which is tb.e language we commoiJy use to describe our
feelings ; the other may be stated in the language of physiology, a language intel-

ligible only to those acquainted with the present state of physiological research.

lie says, " AU that we have to guard against is the tendency to mistake difference

of aspect for diflerence of process, and to suppose that changes in feeling can exist

independently of changes in the organism, or that any change in the organism can
be effected otherwise than by some previous change." This way of stating the
question may be more satisfactory to some minds. At all events it is a fair attempt
to solve the puzzle of our present state of existence, in which we are constantly

brought face to face with the antithesis of object and subject.

Abandoning these speculations, wliicli are fruitless in practical effects, let me now
endeavour very briefly to indicate the lines of inquiry in the domain of physiology
along which progress has been and may be made in the attempt to solve psycho-
logical phenomena ; and I wish it to be understood that I do not take these in any
logical order, but merely adduce them by way of illustration. It will also be my
aim not so much to describe what has been done in the past, as to iridicate what
remains to be done in the future.

Ressakch in Physiological Psychology.

Fh'st of all, tlien, it is quite evident that all researches on the general physiology
of the great nerve-centres are of paramoimt importance. Such researches as those
of Hitzig, Fritsch, and Ferrier on the excitability of the cerebral hemispheres,
supplying new ideas regarding the mechanism of the bram as a compound organ

;

of Wundt on central innervation and consciousness, in which he discusses in a
manner never before attempted, the phenomena of reflex excitation ; of ^^'iUiam

Stirling on the summation of excitations in reflex mechanisms ; of various French
phj'siologists on the mode of action of ganglia in Insecta ; and of many others, are
all recent important contributions to this department of science. Here, however,
we have to confess that we have little accurate information regarding the minute
structiu-e of the parts involved, and con.sequently no anatomical basis on which to

foimd our views. We have a general idea of strands of nerve-fibres iind groups of
nerve-cells of various forms, but we have no precise knowledge of the relative

quantity of these, or of the relation of one group of ner^e-cells to another group.
We are unacquainted with any peculiarity in structure, for example, by which even
an accomplished histologist could identify three microscopical sections as respec-

tively portions of the brain of a man, of a monkey, and of a sheep. All this has
still to be work out. Every little area of brain-matter has to be survej-ed and
carefidly described. Supposing this were done in the case of the human brain, and
of the brains of the higher animals, the same must be attempted witli the brainy

of animals lower in the scale. I can then conceive a grand collection of facts

which may throw light on the intricate working of different kinds of brains, and,

perhaps, afford a rational explanation of certain simple psychological characters.
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SuCfGKSTEI) InVESTIKATIOX.

^^']lat I Dieaii may perhaps be better iindevstood l)y a ic,roarc!i v.liich I wonlil

.'^i!gge.;t by 'way of experiment. No one wlio has Itept an aviary of ,'rmall birds

—

pay a collection of oTir native and foreig'n finches—can have failed toob.?erve marked
diiferences of cliaracter and habits among different members of the same genns, and
even among diilerent members of the same species. One manifests cunning, another
c.imbativeness, a third liindness to smaller brethren, a fourth bullies all about him,
a fifth may usually be quiet and peaceable, but occasionally gives way to uncon-
trollable rage, and so on. The question arises, then, Have these psychologicnl
peculiarities any organic basis, any explanation in the structure of the brain '^ or.

Are we to rest satisfied by asserting that these pecidiarities are due to the action
of some kind of psycliical principle regarding which we know nothing ? I ha-.c

little doubt most will agree that these psychical characteristics of birds depend on
peculiarities of brain-structure the result of hereditary transmission through many
generations. If so, here we have an opportunity of examining tlie microscopical
structure of small brains, relatively simple, and easy of manipulation, with the view
of ascertaining whether or not thei'e are any structural differences which may ac-

comit for these differences in psychical character. This is a line of inquiry likely,

ill my opinion, to establish an organic basis for a comparative psychology.

Recent Rese.a.hches ox the Chemistry of the Bb.\in.

But in studying the physiology of the brain as an organ of mind (and the same
holds good with regard to the other gre.at nerve-centres) we must not forget that,

in addition to mere structure, two other factors have to be taken into notice. These
are, first, the chemical constitution of the brain itself; and, second, the amoimt of

chemical interchange that goes on between it and the blood. There are so many
exceptions to the general ride, that size of brain and number of convolutions are

proportional to the degree of mental power, as to render it higlily probable that to

accoimt for these exceptions we must assume differences of minute structure,

differences of chemical constitution, and differences of chemical interchange between
blood and brain. That is to say, we may have two brains equal in size and in number
of convolutions belonging to two indi-\iduals very unequal in mental capacity. This
may be accounted for either by supposing that the minute structure of a convolu-
tion of the one may be more intricate than that of the otlier, or the one brain may
be richer in certain complicated chemical compounds, the splitting up of ^\]iicli into

simpler bodies is necessary in processes of thought ; or, finall}', the activity of che-
mical interchanges between the blood and the brain may be much more rapid in

the one than in the other. All this, however, must remain a matter of conjecture

rmtil we Imow more of the cliemistry of the brain than we at present do. I liave

therefore hailed with satisfaction the appearance of an elaborate paper l)y Dr.
Thudicum, entitled, '' Researches on the Chemical Constitution of the Brain," in

a recent volume of ' Keports of the Medical OfHcer of tlie Vv\\y Council and Local
Government Board.' It is impossible to gi-^-e here a detailed account of this labo-

rious inquiry, in which Dr. Thudicum and his assistant, ]\Ir. C. T. Kingzett, ha^e
analyzed the brains of oxen, requiring no fev.-er than a thousand of tliese in the
undertaking. The result, generally speaking, has been the discovery of se^enteen
compomids, for the first time detected as ingredients in brain-matter ; and in nn
appendix, Dr. Thudicum gives a list of no fewer than eighty-two substances wj!i<'h

have been detected, by himself and other chemists, in the brain. Even admitting,
what is highly probable, that many of these are products of the decomposition of a
few more complex substances, still we obtain from a mere inspection of this lif.t

some idea of the intricate chemical nature of tliis part of our bodies.

Various striking thoughts are put forth by Dr. Thudicum at the end of his paper,
a few of which I may be allowed to refer to with the view of shoA\'ing how chemical
considerations may assist us in our conceptions of the working of the ner^-ous svs-

tem. He says, "During these in'oceedings the first striking fact which meets the
inquirer is, that nerve-matter contains abundance of water. This, in conjunction
with the peculiar manner in which the water is contained, engenders a mobility of
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ultimate particles witliiti certain limits of movemeut. It alstj </i\c3 penetrability

by liquid diffusion, -while excluding- porosity and its capillary ellects, by -vvliich

means a ready nutrition by diffusion in one direction, and ready cleansing from the
effete crystaUizable products of life in another are assured. Consequently the brain
as a -whole is essentially made up of colloid matter, and may be compared to a
colloid septum, on the one side of -which is arterial hood and cerebro-spinal fluid of

the \ entricles ; on the other side, lio-weAer, is cerebro-spinal fluid of the arachnoideal
space and venous blood. It follo-ws from this that the large amount of -water pre-
sent in the brain is not there, so to say, mechanicallj' only, like water in a sponge,
and capable of being pressed out mechanically, but is chemically combined as colloid

hydration Avater, or, better, -v\-ater of coUoidation."

Dr. Thudicum divides a large amount of the matter occurring in the brain into

three groups, viz. phosphorized bodies, consisting of carbon, oxygen, hydrogen,
nitrogen, and rich in phosphorus; nitrogenized bodies', containing only carbon,
oxygen, hydrogen, nitrogen, and no phosphorus ; and, third, oxygenized bodies,
formed of carbon, hydrogen, and oxygen alone. The phosphorized bodies he
divides into three subgroups, termed kephalines, myelines, and lecithiues. Each
of these has certain definite chemical characteristics, -which he summarizes as
follo-«-s :

—
" The kephalines possess the tendency to be oxydized, oxj^dizability ; the

myelines are not easily changed by any agent or influence, and possess therefore
stability ; the lecithines easily fall to pieces, they are afflicted with lability."

lie then points out the remarkable tendency of the phosphorized bodies to com-
bine with other substances, showing a diversity of affinities " not possessed by any
other class of chemical compounds in nature at present known." He shows th.at

these affinities are influenced by the amount of water present, and by the mass of
the substance or reagent presented to the bram-matter, so that the interchange " of
affinities may produce a perfectly incalculable number of states of the phosphorized,
and consequently of brain-matter. This power of answering to any qualitative and
quantitative chemical influence by reciprocal quality or quantity we may term the
state of hibt'/c equilibrium ; it foreshadows on the chemical outside the remarkable
properties which nerve-matter exhibits in regard of its vital functions."

jVll of these remarks by Ur. Thudicum point to a field of research which will not
be explored for many a year to come. But there can be little doubt that when the
chemical statics of the brain have been accurately ascertained, we will be in a
position to studv the chemical interchanges between the blood and the nervous
tissue. Should the skill of our physiological chemists succeed in unravelling these,

then we will be in a position to understand at least two different sets of phenomena.
These are— (1) the chemical changes which imdoubtedly take place during the
occurrence of mental phenomena ; and (2) the exact nature of the action of such
substances as alcohol, narcotics, and the various alkaloids which are kno-wu to act
on the nervous system. I need scarcely add that accurate knowledge regarding
the physiological action of these substances woidd probably be of great service in
the treatment of disease.

Researchks on Sensohy iMpnr.ssiONs.

In the second place, researches into the physiology of the senses afford another
series of data for the physiologist. These researches may be said to be of three
kinds— (1) inquiries into the anatomical and physiological mechanism of the sense-
organ itself, such as, in the case of vision, the general structure of the eye
as an optical instrument, and its movements by the action of muscles, so
as to secure the conditions of monocular or binocular vision; (2) inquiries
into the nature of the specific action of the external stimulus upon the
terminal organ of sense, and the transmission of tlie efi'ect to the brain—as, for
example, the action of light on the retina, and transmission along the optic
nerve ; and (3) experiments in which various stinudi are permitted to act imder
certain conditions on the terminal apparatus, and the result is observed and recorded
by the consciousness of the experimentaMst himself, as in researches on colour,
duration of impi-essions on the retina, positive and negative, after images, &c. By
these three modes of inquiiy a large number of facts relating chiefly to the senses
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of hearing and vision hare been collected ; and most of tliese facts, inasmucli as

they assist him in understanding the conditions of sensory impressions and sensa-

tional effects, are of importance to the psychologist.

Measurement of TniE is Sensoby Imphessions.

The next step of importance made by physiology into the domains of psychology

is the measm-ement of time or dm-ation in sensational effects*. This has been
carefully measured by objective methods. Speaking generally, the time occupied

from the commencement of the action of the stimidus to the termination of a

sensation may be divided into four portions, each of which has a certain psycholo-

gical interest :—First, an interval of time is occupied by the primary physical change
produced by the stimulus. Duriug this interval, called the period of latent stimu-

lation, no effect is observed. Thus, when a motor nerve distributed to a muscle is

stimulated by a short electrical shock, about l-60th of a second passes before the

muscle contracts. Second, when the change in the nerve or terminal organ has

begim, a second interval of time is occupied in the transmission of the impression

to the nerve-centre, which is svicceeded by a third interval, dming which changes

occur in the nerve-centre, and the result of which is a sensation. The time occu-

pied in transmission, or the rate of conductivity in nerve, is tolerably well kuoTsni,

being at the rate of about 200 feet per second in the nerves of men ; but the time

occupied in the production of the sensation in the centre has not yet been clearly

ascei-tained, owing to the difficulty of supposing such a sensory nerve-centre to be,

previous to the stimidus, in a state of absolute inaction. Lastly, it has been fomid
that when a neiTous action of any kind has been initiated by a stimulus, it goes on
for some time after the stimidus has ceased to act. This prolongation of the sen-

sation may be well studied in the case of impressions on the eye, where the time of

the duration of the impression has been measured by Ilelmholtz, Plateau, and
others. These distinguislied observers also found that the length of time occupied

by the after-effect varied according to the intensity of the light. Thus after a
weak light, the unchanged impression lasts longer than with a strong light. A
strong illumination is followed by an after impression fading sooner than with a

feeble stimulus—the result being that, so far as the retina is concerned, it comes to

the same thing whether an intense light acts for a brief time, or a faint light for a

longer time.

Exhaustion or NER\rE on Sensory Organ,

This line of research has also made it possible to measure the time required for

exhausting a nerve or sensory organ. When, for 'instance, a limited area of the

retina has been stimidated for a certain time, and the stimulus has been removed,

the after positive effect, due to increased excitation of the parts, disappears, and is

followed by a negative effect, due to temporary diminution of the sensioility of the

parts, in the form of what is called the negative after-image. Suppose, for ex-

ample, an area of the retina be acted upon for a period of from five to ten seconds,

and the stimulus be then removed, tne so-called positive after-image vaioishes

quickly, and the negative after-image, frequently ot a complementary colour to

that of the exciting cause, appears, and lasts for a short time, gradually fadmg
awav as the nervous parts recover from the effects of the stimulus. Similar pheno-

mena maj^ be observed in studying the durations of sensations of tone, which I

have frequently perceived in experiments made by myself; but it is more difficult

to ideutif}', by description and designation, the after-effects in the case of audition

than in the case of -s ision . Probably it may be found still more difficult to notice

these after sensations in the other senses, although in all there is often the experi-

ence of a lingering feeling after the cause has been removed, which no doubt has
its place in those transient sensations which assist in filling up the spaces, as it

were, in our conscious life,

In experiments upon a sensory organ, such as the retiua, a little cousideralion

* In tbo following obser\ations I am much indebted to the essays of Mr. James Sully,

contained in his volume, ' Seniation and Intuition ' (London, 1874).
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will sliow that it is almost impossible to ascertain the effect of a stimulus upon a
retina which has never before been affected. This difficulty has been felt by all

experimenters. Molecular action in such a structure has been in operation from
the very beginning:, and such action, if of sufficient intensity, must produce a cer-

tain effect on the conducting-tract and on the recipient centre. This effect, although
of too weak mtensity to produce those clianges which residt in consciousness, must
be taken into account in the measurement of the intensity and duration of sensory

impressions. Thus the eye has a light of its own due to changes in the retina,

although this may ne^er be conscious to us as a luminous impression. This con
ception of the state of matters in a terminal organ such as the retina, when applied

to actions going on in the brain, at once indicates that similar actions, or rather

that similar states of unrest, of change, variation, and moditication, are going on in

tliese deeper parts whicli may ne^er result in consciousness, per se, but which alto-

gether may have an inHuence on our mental existence comparable to that of tlie

feeble impressions constantly transmitted to the cerebrum from the viscera, some-
times termed the internal senses.

Relation between Strength of Sensation and Magnitude op
Stimulus.

Having sho-s^ii that sensory impressions are distinctly related to time, the next
advance made by physiologists was to prove that there was a relation between the
.strength of the sensation and the magnitude of the stimulus, Here there are

difficulties in explaining what is meant, because language fails. We have no words
to discriminate ideas which hitherto have related to two distinct fields of know-
ledge—the objective and the subjecti-\-e. To speak of the strength or magnitude
of a sensation seems to be using terms applicable only in another region, .and quite

inapplicable to psychological phenomena, although no one has any doubt in distin-

guishing the intensity or magnitude of one pain from that of another. There is no
difficulty in understanding the phrase-magnitude of the stimulus. A weight often
pounds is greater than that of one pound, light from ten candles of equal size is more
than that given out by one, and the tones of a \iolin of equal pitch and quality

may vary in intensity according to the pressure of the bow on the string. It is

difficult, however, to obtain an absolute measurement of variations m sensation,

which is, of course, a subjective phenomenon. This can onlj'^ be done by varying
the objective cause, by observing a large number of instances, and by expressing
variations in the subjecti\-e phenomenon in terms applied to -(-ariations in the ob-
jective cause. If the average result obtained from a large number of instances

indicates any ratio between the magnitude of the stimulus and the subjective phe-
nomenon, then we may conclude that there is a relation between the two.

This mode of inquiry, first originated by Professor E. II. AVeber, m his cele-

brated experiments on tactile impressions (and which were first introduced to

notice in this coimtry by Professor AUen Thomson), was afterwards earned out by
his colleague Professor Fechner, and has been subsequently elaborated by Professor
Wundt. It has led to various remarkable results, the chief of which are (1)
that in the case of each sense there is an upper and a lower limit, beyond which
the amoiuit of stimulus produces no appreciable difference of effect ; and (2) that
within this range there is a definite ratio between the stimulus and the amoimt of

the sensation. The upper limit beyond which an increase of external stimulation

is not followed by any observable increase in sensational effect was first obsened
by Professor Wundt. The lower hmit has been noted by many observers, and it is

indicated in almost every physiological text-book. Now^ it does not matter much
to us, in taking a general view- of things, v>hat the hmits are, provided we are sure

thfit such limits exist, inasmuch as it indicates another element of proof that psycho-
logical plienomena, so far as seufation is concerned, occur within certain physical

limits.

FeCHNEBS iNVESTIfiATIONS.

The next step naturally was to establish the ratio between the magnitude of the
stimulus and the magnitude of the sensation. To do this directly is impossible, as
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any estimation of the amount of sensational effect following a given stimulus would
probably be erroneous, because our percei^tions are usually qualitative and only

rarel}^, and never absolutely, quantitative. Fechner recognized this fact, and lie

employed for the solution of the problem various methods by which he measm'ed
not sensations themselves, but the amount of discriminati^•e sensibility between two
sensations produced by stimuli of unequal magnitudes, and he studied the ratio

between the difference of weight and the absolute quantity of the stimulation. By
varj'ing the amount of the stimulus in e\ery possible way, he eliminates the chances

of error, and arrived at definite results. These results he formulated into a general
" psychophysical law," Avhich may be expressed in \ arious ways. Mathematically

it may be put, that " sensation increases in proportion to the logarithm of the

stimulus." Now "logarithms increase in equal degrees when the numbers so in-

crease that the increment has always the same ratio to the magnitude of the num-
ber." It may be put in another way by saying that " the more intense a sensation

the greater must be the added or diminished force of stimulation in order that this

sensation undergo an appreciable change of intensity." The mode of arriving at

some of Fechner's residts may be better understood by an experiment which any
one can repeat. In the case of muscular sensation, suppose two weights, A and B :

we wish to ascertain the least difference between these perceptible by the muscular

sense, say wlien we lift them in the hand. Let it be so arranged that both weiglits

are composed of difl'erent pieces, so that the one may be made less or more than
the other at pleasure. If A and B be nearly equal in absolute weight, the person

on whom the experiment is made sviW judge them to be of equal weight. Let
weights be now added to B until the difference between A and B becomes percep-

tible, and as a test, let the weights be again removed from B until, in sensational

effect, A becomes again equal to B. Let the same experiment be repeated with
weights of different absolute amount, and it \\'ill be found that there is a distinct

ratio between the abs.dute weight and tlie weight that had to be added to it or

taken from it to produce tlie least perceptible difference of impression, whatever
these weights may be, up tj the limits, of cour.se, which I have already noticed. It

will always be found that the additional or subtracted weight is one third that of

the absolute weight,—a fraction which indicates the degree of intensity of the

stimulus required to produce the least perceptible feeling of difference of sensation,

and which may be termed the " constant proportional " of that kind of sensation.

This fraction, in the case of sensibility to temperature, Fechner found to be one
third ;

Rentz, WoK, and Volkmann arrived at the same fraction -with regard to

auditory impressions ; and various observers have found that in visu.al impressions

it is one hundi'edth.

Now the intensity of sensation depends on two conditions :—(1) the intensity of

the excitation ; and (2) the degree of excitability of the seusory organ at the mo-
ment of excitation. But suppose the excitability of the organ equal on two occa-

sions, the intensity of tlie sensation does not increase proportionately to the increase

of the excitation. That is to say, suppose we bring into a dark chamber a lumi-

nous body such as a candle—it produces a certain luminous sensation ; then intro-

duce a second, third, and fourth—the excitation is double, triple, or quadruple ; but
experiment shows that the increase in the amount of the sensation is much less

;

in others words, let the .stimulus increase from 10 to 100 time', and from 100 to

1000 times, the sensation will be oidy one, two, and three times stronger. The
impLirtance of the discovery of this remarkable law is, that it shows a distinct

matliematical relationship between stimulation and sensation. Possibly it may be
found to have applications to other psychological phenomena. .May it not vary in

different animals, and even in different iiidi\ iduals ^

Criticism of Fechner's Method.

It is quite noticeable, however, that, in the case of each sense, the law did not

hold good throughout the whole range of variations in intensity of stimidus ; and
it is not surprising, when we consider the complexity of the onditions, that such
should be the case. All of these experiments were made in the case of visual im-
pressions, for example, on the li^ing eye, cjiinected by the optic nerve with the
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brain; audit i« mauifestly impossible, fts has been remarked by Hermann, "to
localize this relationship between .sensational effect and variation in amount of

stimulus, which has been called the psycho-physical law of Fechner.*' Between
the sensational effect and the first contact of the stimulus there are a series of

complicated processes occurring; in retinn, nerve, and brain, processes undergoing;

incessant modification by the interchanges between these tissues and the warm
circulating blood. In which of these does this relation between stimulus and con-

scious state occur—in retina, in optic nerve, or in brain ? The only method of an-
swering this question, so far as I know, is to examine the effects of stimulation

upon these parts separately. It is manifestly next to impossible to do this in the
case of the optic nerve and the brain ; but by the method pursued by Holmgi-en in

Sweden, and by Professor Dewar and myself in this country, it can be done, so far

as the retina is concerned. In carrying out this method, Professor Dewar and I

found tliat light produced a change in the electrical condition of the retina in an
eye removed from the head or kept in normal conditions, and we ascertained that

the general phenomena of this change corresponded with our sensational experi-

ences of luminous impressions. AVe were therefore entitled to assume that the

change in the electrical conditions of the retina, produced by the action of light,

might be regarded as a phenomenon intimately related to those changes in the

brain which result in consciousness of a luminous impression. Consequently we
had an opportunity of ascertaining whether or not Fechner's law agreed with the
effects of a stimulus of light in altering the electrical condition of the retina, and we
foimd that it did so. The inference, therefore, is that the relation between degi'ee

or variation in stimulus and the corresponding sensation of a luminous impression

is a function of the sense-organ or retina.

Mode of ina'estigatino the Sknsoiiy Organ it.sklf.

I may here remark that this mode of inquiring into sensory impressions has by
no means been exhausted. The subjective method of observing sensational effect

under tlie stimulus of light from revolving disks, by the contrasting of colours, by
comparison of auditory sensations produced by tones of different intensity, pitch,

and quality, is always open to the charge that the results may not be due to specific

histological structure of the sense-organ, as is almost invariably assumed, but to the

structure of the recipient of impressionsfrom the sense-organ, namely the brain. The
onlyway of proving that the effects are due to structural peculiarities ofthe sense-organ

is to examine the effects of stimiili applied to the sense-organ separated from the brain

by some method the same as or analogous to ours. If in these circumstances the

sense-organ gives results similar to those observed in the phenomena of conscious-

ness, then we may assume that these results are due to specific peculiarities of the

sense-organ, and not to the brain. If, on the other hand, the results do not agree,

then we must look in the brain for the mechanism by which these different re-

sidts are produced. Thus I have always held that, as there is little or no histolo-

gical evidence of complexity of structure in the retina capable of accounting for the

theory of Thomas Yomig regarding the perception of colours, or of the facts of

colour-blindness, or of the sensibility of different zones of the retina to lights of

different colours, we may have to loolc to the complex structure of the corpora

quadrigemina, cerebellum, or some portion of the cerebral hemispheres for an ex-

planation of these facts. It may be objected that such scepticism simply removes
the difficulty a little further back ; but I think it better to search for facts than to

be content with an hypothesis.

OONCLVSION,

Time will ncit permit me to discuss other researches in this field of inquirj', nur

the interesting speculations which have sprung from them, biit I think I have said

enough to .show the line of advance in this direction.

True it is thnt apparently the physiological causation ipf many mental phenomena
may be, in its precise nature, inaccessible to direct proof ; but it is our duty as

physiologists to push legitimate research as far as it will go. I would remark also

1870. 14



142 REPORT—1876.

tliat sucli researches are not incompatible "with those spu'itual ideas, matters of

faith and not of science, which are the basis of our most clierished hopes. They
demand, however, caution in the scrutiny of facts, and judgment in drawing con-

chisions from them. More than in any other kind of scientific labour, perhaps, it

is of the utmost importance here to keep the mind unbiassed—a task by no means
easy. To maintain a calm unprejudiced attitude to inquiries which seem to demand
a change of opinion regarding what was supposed to be final, requires an effort

which varies in different persons. Some find it comparatively easy to do so, while

others succeed only after a severe struggle. Still it is the state of mind which a

man true to science ought to aspire to, so that while he wiU not be blown about
by every wind of doctrine, he may be ready to accept what is apparently true when
he has had it clearly put before him.

In conclusion, let me observe that it would sa\e not a little heart-burning, and
might possibly remote acrimony from ^•arious scientific and social controversies,

could we only remember that it is not ^^ery probable that we, in this nineteenth

century, have arrived at the final solution of many problems which have puzzled

wise men from the earhest times. Probably we ha^e got nearer the truth ; but it

is presumptuous to suppose that we have reached the ultimate truth. Many hypo-
theses much in favour at present ma}^ turn out to be inadequate. Still if they
serve as stepping-stones to somethmg better, and to more rational conceptions of

the mysterious phenomena about us, they will have done good service. In the
mean time it is our duty vigorously to prosecute research in all departments, push-
ing ahead fearlessly and with that enthusiasm which is the prime mover in all

great deeds, so that we may be able to transmit our depaitment of knowledge to

posterity not only less burdened with error, but with many additions of truth.

Botany and Zoology.

[For Professor Newton's Address, see page 119.]

Notes on the Pandanece of (lie Mascarene and Seychelles Islands.

By I. B.iYLET Balfoue, Sc.D.

The genus Pandanvs (screw-pine) was shown to have a general distribution

throughout the tropics of the Old World, and to reach its western limit on the east

coast of Africa. It is very abundantly represented in the islands of the Indian
Ocean, and more especially in the Mascarene and Seychelles Islands.

Altogether 19 species are deiinitelj' known from these islands ; and it is possible
that more may exist. Of these species Mauritius includes 11, which are all

endemic ; Heuniou has 3 peculiar species, and perhaps a fourth one may be recog-
nized ; in Rodriguez only two species, both endemic, are found ; whilst the Sey-
chelles group possesses three such species. In addition to those which are endemic,
a Madagascar species, P. utilis, is generally cultivated for the sake of its leaves, and
P. odoratissimus, of Eastern origin, is also found.

The difficulties in the way of the diagnosis of species were pointed out from the
scantiness and imperfection of the material as yet sent to this country. The leaves
afford very little character, and it is from the fruit that specific distinctions are
mainly obtained. Hitherto the slignias have aftbrded the chief characters ; but the
author showed that many important diagnostic marks might be obtained from the
endocarp and its relations to the mesocarp.

I

On the Evolution of Sex in the Veyetahle Kingdom, By G. S. Bottlger.

This paper was an attempt to illustrate Mr. Herbert Spencer's law of increasing

heterogeneity by the various sexual processes in the vegetable kingdom. Mention
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having been made of the probably asexual Protophyta, Thwaites' ideutiiicatiou of

conjugation with reproduction proper, made in 1848, was meotioued, aud a sum-
mary given of the sexual classification of the Thallophytes proposed by Saclis

CLehrbuch, 4th edition) aud adopted by Professor Dyer (Quart. Journ. Micr. Sci.),

in which they are grouped asProtophyta, Zygospores, Oosporere, and Carposporese.

The types Pandonna, Mesocarpus, Spirogi/ru, and Podosplxpra were taken as indi-

cating sexual transition between these groups ; and Sachs" description of the essential

nature aud elements of sexual reproduction quoted. The difference between the
sexes as manifested previous to the formation of the elemental 'sperm' and 'germ'
cells was then traced in the various groups, 'being greater and manifested earlier in

the more highly organized groups.

OEdoffonium, Vaiwheria, Phijcomi/ccs, Coleochate, and Nemalion were alluded to

in this connexion, and following the pedigree sketched by Sachs (Lehrbuch, 3rd
edition) the 'secondary sexual organs ' were traced through the Floridere to the
ancestral Cormophyte and to the ' heterosporous Pteridophyta,' near to which he
places the Cycadere, the lowest type of Phanerogam. The homology between the
sexual organs of Phanerogams and Cryptogams was pointed out, and Tlildebrand's

classification of the sexual arrangements explained.

In this connexion the terms ' apertiflorous ' (open-flowered) in opposition to
' cleietogenous,' 'approximate,' and ' distant,' with anthers near to or remote from
the stigma, and ' homostylia,' were proposed by the author for adoption. It

was then attempted to br.se the phylogenetic arrangement of sexual forms (the
chief subject of the paper) on the law of economy of nutrition, the advan-
tageoupuess of cross-fertilization producing dioecism and various intermediate
stages from an original hermaphroditism. Dioecism was first traced through
monrecism aud moncecious polj-gamy, Frar/an'a, Pume.v, and a reverting sport of
Pet/onia fiigida being quoted. The dioecism of the English holly has probably
been reached from dioecious polygamy, as in the American forms, through an inter-

mediate monoecism ; and the monoeciously or trioeciously polygamous genus Cata-
setiim points to the origin of the latter form from the former probably through an
intermediate dioecious polygamy. Dioecism may possibly arise also from dimor-
phism, which may be monoecious, as in Dianthus carynphylhis and D. plumarius, or
dioecious, as in some Primulas.

Dimorphism probably originates in ' biseriate ' stamens, tiimorphism in ' tri-

seriate ; ' but the dioecious dimorphism of Lythrum thyrsifolia would seem to arise

from trioecious trimorphism by suppression. Among the Compositre the transitions

are easy from the ' equal polygamy ' of Linnaeus, through ' superfluous polygamy,'
to ' frustraneous ' on the one hand and ' necessary ' on the other, from either of which
monoecism and dioecism may arise, as in Carduus arvensis, Petasites, and Antennaria,
The variety, increasing complexity, and homology of the sexual arrangements, the
abundant links, and the abhorrence of the sexual union of nearly related cells are
the theme of the whole paper.

Two Monstrosities o/ Matricaria iuodora.

By Professor Alexander Dickson, 31.D.

1st. Where the florets of the capitulum were replaced by stalked secondary
capitula, some of which were in turn again similarly compound. That the secondary
capitula really resulted from transformed florets was interestingly shown by the
presence on the stalk of many of the outer secondary capitula of a ligulate corolla

with its base embracing the aSis.

2nd. "Where many of the florets of the ray presented a narrow ligulate lip directed
inwards, these internal lips conniving more or less over the central disk. At first

sight this anomaly seemed to simulate the condition in Composite Labiatiflorffi ;

but so iiir as Dr. Dickson's examinations as yet went, it would appear that the
smaller lip Avas placed laterally to the normal line of non-union of the ligulate

corolla, and therefore was not a mesial structure compressed to the inner lip of the
floret in I>abiatiflorpe.
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Latldferous Canals hi Fruit of L\m.nochavii Pluraieri.

B_i/ Professor Alexander Dickson, 3LD.

Ur. Dicksou sliowed tliat umisually large laticiferoiis canals could easily be
demonstrated sliining' through the epidermis of the flat surfaces by which the
numerous cai-pels are in opposition to each other.

Oil tlie Occurrence in Ireland o/Nuphar intermedium, Ledeh,

By A. G. More, F.L.S., M.R.I.A.

While staying with some friends at Orombyn, i)i West Meath, I noticed on the
borders of a sum 11 shallow lake, on peaty ground, some water-lily leaves which at

once drew attention from the small size of their leaves and especially with their

basal lobes standing apart or widely apart. My friend Mr. Preston Battersby, of

the Royal Artillery, most kindly instituted a close search, and succeeded at last in

finding one blossom, from which, together with the leaves, I have been enabled to

identify the plant as Nuphar infcnnediimi, Ledeb., var. [i. Sjieimerianum, of Hart-
man's 10th edition of the ' Haudbok i Skandinaviens Flora' (Stockholm, 1870),
vol. i. p. 86.

_

Our plant is also, I presume, identical with Dr. Syme's so-called variety "/3. minor''

of Nuphar luteum ; but the stigma of the single flower gathered has 15 rays. Still

the characters of the leaf bring it rather nearer to var. Siycunerianmn than the typical
form of Ledebour's N, intermedium.

A. G. More, F.L.S., exhibited Zostera nana from Carnarvonshire.

Professor W. R. M'N.vb, M.D., exhibited Choreocliolax polysiplwmix, Reinsch.

Notes on the Structure of the Leaf in different Sj^ecies o/ Abies.

By Prof. W. R.'M'Jv^ab, M.D.

On Circinnafe Vernation of Spheuopteris aflinis from the earliest stage to

comjjletion, and on the discover^/ o/ Staphvloptcris, a Genus neiv to British

Bodes. By C. W. Peach, A.L.S.

The author stated that ho had found Spheuopteris affinis in black shale at West
Calder, near Edinburgh, in circinnate vernation from its earliest state to the com-
pletion of the plant, and thus had an opportunitj' of seeing this beautiful fern in

all its various stages of growth, showing the many variations it assumes and from
which, when so found, uo doubt several species have been made.

It is rather plentiful at West Calder, Slateford, Burdie House, Burnt Island, and
other places around Edinljurgh ; he, however, had not found it in circinnate verna-
tion in any other locality than the first mentioned.
He next exhibited and described specimens of Sfaphj/hpte7-is, also from West

Calder, and said the plant was a new genus to British rocks ; that he had met with
it first sparingly in 1n74, and in the present year in some abundance there,

especially in one slali. It is something like Stap)hijIopteris Wortheni of Leo
Lesquereux, figured in vol. iv. of the Geological Survey of Illinois, from "the shale

of the subconglomerate coal of Arkansas :" it, however, differed from that species,

first, in not showing like a star around a central point ; in having uo sporanges
;

and the flower-like parts instead of only " apparenthj restinej o«," are actually attached

in pairs, hanging in a drooping manner, to small branches. As well as the
one mentioned, he strongly suspected that he has another species from the same
locality. Several species have been found in the rocks of Arkansas ; all, however,
difi'er from the British one.

The author expressed his obligations to Mr. R. Etheridge, jun., for first calling
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his attention to the American work ; and to Prof. Balfour for hia kind notice in the
* Transactions of the Botanical Societj' of Edinburgh,' vol. xii. part i. page 176, both
proposing that it sliould " bear the name of the finder.'' lie thought it right to

state that -wherever he foimd iSfapJii/lopferis, the Sphenopteris (iffinis more or less

accompanied it ; however, the latter was most often found without Staphylopteris.

As well as at AVest Calder, Sfaphi/hpferis has been found at Slateford by the Olhcers

of the Geological Survey and by Mr. D. J. Brown at Straition, all near Ediubm-gh,
and all in the Calciferous Sandstone series.

A large series of Sphenopteris and Staphyloplcris M'cre exhibited by the author
with drawino-s for illustration.

0)1 some of the PJiysiolor/ical and Morphological -Features seen in the Plants

of the Coal-Measures. By Profes.sor W. C. Williamson, F.It.S.

Proceeding from the starting point of the facts recorded in the comnmnicatiou
made to the Geological Section*, the author brought before the Biological Section

some morphological facts. He showed that even in young twigs of Lepidoclendron

the bark consisted of three very distinct layers, viz :—an inner parenchyma, a

middle proseuchyma of cousidercable proportionate thiclmess, and an outer paren-

chyma of which the leaves were expansions. The innermost portion, the inner

parenchyma, certainly represents a plane of genetic activity, along which the
multiplying cells add new laj'ers of vessels to the exterior of the vascular cylinder

on its inner surface, as it apparently increases as the number of pareuchymatoua
cells in the opposite directions. Externally to this parenchyma is the ])rosenchy-

matous layer, into which the inner parenchyma passes somewhat gradually, but
Avhich outwardly becomes a modified mass of prosenchymatous fibre, composed of

very long and narrow prismatic cells. At the first glance this layer looks like a
phellem or corky layer, but its origin is a different one. Its genetic plane is at its

outer surface, instead of occupying the position of the phellugeu of living barks.

The cells at this point become elongated radially into long fusiform ones, which soon
become subdivided by a regular series of vertical cell-walls, all of which are parallel

to each other and to the external surface of the stem. Subsequently each one of
these parallel cells becomes irregularly subdivided into a cluster of cells, the
partitions of which are vertical to the primarj^ series. In this manner, apparently,

additions are made on tlie inner side to the prosenchymatous layer, and on the outer

one to the subepidermal parenchyma. It thus becomes evident that the bark of

each of the Lepidodendroid stems possesses two parallel planes of genetic activity.

It is obvious that Calainites certainty possesses the innermost of these genetic

planes ; and as the author's arborescent specimen exhibits no indication that the
second or prosenchymatous laj'cr has been increased from within, it becomes more
than probable that when yet more perfect specimens are discovered the second or

outer genetic plane will be found to be identical in all respects with what ia seen
in the Lepidodendra.

The author concluded by calling attention to the fact that amongst a large number
of the coal plants their most specialized and characteristic type features were best

seen in their young state, the advance from youth to maturity being one from specia-

lized to generalized forms, the result of which was, that the author found it almost
impossible to identify detached fragments of wood or bark, and hence he regarded
all attempts to establish genera and species upon such fragments as absurd.

On 6i(jantic Land-Tortoises and a Freshwater Species from the Maltese

Caverns, with observations on tlicir Fossil F'auna. By A. Leith ADiMS,
F.li.S., Professor of Zoology, Royal Colleye of Science, Biihlin.

The author exhibited and made a few observations on bones of gigantic toitoisea

collected by Admiral Spratt and himself in the Maltese Caverns.

During the five years he was engaged in exploring the rock-cavities of Malta,

* Svpra, p. 98.
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among other fossil remains, lie discovered several fragments of bones of gigantic

Chelonians, one of whicli rivalled in dimensions any of the recent or extinct species

hitherto reported from the Mascarene and Galapagos Islands. The remains were
found in conjunction -with hones and teeth of the dwarf elephants and gigantic

dormice ; and whilst remains of the Prohoscidians and Rodents were extremely

abundant in certain rock-cavities he examined, and the Chelonians were also well

represented, it was a noteworthy fact that no traces of large Carnivora were met
with. This absence of the order, excepting the tooth of a small Cams, he supposed

accounted for the presence of the large helpless tortoises, as obtained also in the

Galapagos and Mascarene Islands.

The largest of the Chelonians rivalled in dimensions the Testiido elephantopus

and Testiido ephippium, and showed some affinities with the latter, but was generally

distinguishable from any recorded species from these islands by a marked robustness

of the bones ; on which account he proposes to name it Testiido rohusta. A smaller

species, distinguishable also, morphologically, from the preceding, he proposes to

name after Admiral Spratt ; whilst a few bones of a small freshwater tortoise were
indistinguishable from the same parts of the Lvtremys et/ropera, which is still not

uncommon in the south of Europe and in certain islands of the Mediterranean.

The author was inclined to believe that the Maltese-cavern fauna belonged to a

late Pliocene rather than a Pleistocene period, such as that exhibited by the Sicilian

caverns, to wit, the Caves of Palermo ; and that, although the Hippopotamus Pent-

landi and smaller forms are both represented in Malta, Sicily, and Crete, the absence

of traces of the dwarf elephants and gigantic dormouse in the two latter situations,

and the presence of the Hi/eena crocuta, Elephas aiitiquus, and large Felidee in Sicily,

seem to point to faunas of two diflerent epochs. Indeed, in the case of the Maltese
deposits, it would appear, in some instances at all events, that the animal remains
of the fissures had been derived from older beds which were broken up during the

submergence of the area. Eut as the Maltese rocks were Miocene and the upper-
most had been supposed to indicate the presence of Pliocene Invertebrata, it was
clear that the red soil and clay which formed the matrix in which the above animal
remains were found, in the rock rents, could not be more ancient than a later

Pliocene.

He strongly advocated further explorations of the islands of the Mediten-anean
in quest of fossil remains, and stated that tliere was still much to be done in Malta.

On the Arenaceous Foraminifera collected in the ^Valorous ' Expedition.

Bij Dr. W. i3. Caepextee, C.B., F.R.S.

Further Researches on the Nervous System of Antedon rosaceus (Comatula
rosacea, Lamh.). Bij Dr. W. B. Caepextek, C.B., F.K.S.

liemarJcs on the Anatomy of the Arms of the Crinoids.

By P. Heebebt Carpentee, B.A.

On Delphinus albii'ostris. By D. J. Cunxingham, M.D.

Experiments on the For,aation and Growth of Artificial Silica Cells,

By Prof. Feebixaxd Cohn.

On Spontaneous Evolution and the Oerm TJteory. JS^.N. Caejiichael, M.D.
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The. Biolofjlcal Results of a Cruise in H.M.S. * Valorous ' to Davis Strait in

1875. % J. Gwnr Jeffbets, LL.D., F.E.S.

A preliminary Report on tliia subject was presented to the Royal Society, and

lias been published in their ' Proceeding's,' vol. xxv. p. 177. The author gave an

account of the voyage (which was undertaken by him in consequence of an applica-

tion made by the" Council of the Society to the Admiralty) and of the biological

results, more especially with respect to geographical distribution and geology. The
author treated of the Mollusca ; and Professors Allman and Duncan, Dr. M'Intosh,

the Rev. A. M. Norman, Dr. Carpenter, and Professor Dickie contributed notices

of other departments of the marine fauna and flora.

A Double Dilemma in Darwinism. By the Rev. F. 0. Moeeis.

N^otes on Oceanic Deposits and their Origin, based on Observations made on

board EJI.S. ' Challenger.' By John Muerat.

On the new Cases in the Hunterian Museum. By Prof. J. Young, M.D.

Anatomy and Phtsiologx.

[For Dr. M'Kendrick's Address, see page 12G.]

On the Development of the Proto-Vertebrce in Elasmohranchs.

By F. M. Balfour, B.A., Fdloiu of Trinity College, Cambridge.

Tlie mesoblast in Elasmohranchs arises as two independent plates, each of which
becomes divided into two layers, a somatic and a splanchnic. In the dorsal part

of each plate a series of transverse slits arises, which serves to distinguish a dorsal or

vertebral portion of the plate from a ventral or parietal. A cavity is next formed

between the two layers of the plate, which is continued quite to the summit of the

vertebral part. Still later the segmented vertebral part of each plate, with its en-

closed cavity, becomes separated from the parietal part and forms the muscle-plates.

Each of these is a somewhat rectangular body, formed of two layers, enclosing

between them part of the original body-cavity. The inner of these two layers soon

buds off cells to form the rudiments of the vertebral bodies, and itself is trans-

formed into longitudinal muscles ; the outer layer of the muscle-plate becomes con-

verted into muscles at a considerably later period.

On the Changes in the Circulation ivhich are induced when the Blood is expelled

from, the Limbs by Esmarch's Method. By H. G. Brooke, B.A. (Lond.),

and E. 0. Hopavood, BA. (Oxon).

The authors stated that the object of the experiments was to observe the pulse

dm-ing and after the expulsion of'blood from the limbs. Healthy young men were

experimented on, and the experiments were made one or two hours after a light

meal. The pulse was counted with the aid of a watch, and its form recorded by

means of the sphygmograph. The person experimented on was stripped and recum-

bent. Normal pulse-rate and sphygmographic movements were recorded ; and

afterwards one leg was bandaged from below upwards. During bandaging, pulse-

rate was observed, and immediately bandaging was complete further sphygmo-
gi-aphic tracings were taken. This was repeated with the other leg. After a short

time both bandages were suddenly let go, and at the same instant pulse-rate and

ephygmographic movements were again recorded.
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As the result of their observations, the authors state that

—

1. During bandaging of the tirst lower limb, the pulse-rate increases, and after-

wards (generally after a very short interval) falls to about the normal.

2. Dm-ing bandaging of the second lower limb, the pulse again quickens its pace,

returuin"- almost to the normal, but sometimes remaining a fevv beats above the

normal.

3. When both bandages are suddenly let go, there is at once a marked
acceleration of pulse-rate, but of brief duration.

The authors point out the changes which bandaging and uubaudagiug must have

upon the disposition of the blood in the circulating system. Thus, on bandaging,

the arterial blood is di-iven from the limbs bandaged into the arterial system of the

trunk, head and neck, and upper extremities, raising the pressiu-e all over the system

:

while the venous blood, together with the lymph, are also driven into the rest of

the body from the compressed limbs, but arc only able to aflect the pressure in the

trunk, iiead, and neclc, being excluded by valves from the upper extremities.

Hence the general venous pressure will have a relatively larger increase than the

general arterial pressure.

Ao-ain, on imbandaging, the arterial blood rushes down the lower limbs to fill

the previously obliterated vessels, thus diminishing the general pressure of the

arterial system; while no such reflux of the venous blood is possible on account of

tlie interposed valves of the veins. Jlence, while the arterial pressure is diminished

suddenly, the venous remains, for the moment, as it was ; that is to say, the general

venous
"

pressure will experience a relatively less diminution than the general

arterial pressure.

Now, comparing the conditions on bandaging and imbandaging, it will be seen

that, in both cases, the relative difference normoUji existitig heticeen arterial (aid venous

pressitres on the two sides of the heart is diminished, on bandaging by approximating

the venous to the arterial pressure, on uubandaging by approximating the arterial

to the venous pressure. May we not, the authors suggest, seek in this coincidence

of conditions an explanation of the somewhat imexpected similarity of effect on

bandaging the lower limbs and on loosing the bandages ?

In the course of the discussion which followed, Professor Kronecker, of Leipzig,

pointed out that the addition of a large quantity of lymph to the blood on

bandaging, by altering the composition of the blood, might well be supposed to

aflect the heart's rate, since the heart is now known to be very sensitive to qualita-

tive changes in the iluids bathing it.

On the Morj)Jiolo(/y and Histology of the Nervous System of Antedon rosaceus

(Comatula rosacea, Lamlc.). By Dr. W. B. Carpenter, C.B., F.Ii.S.

On a Hypothesis of the lyerception of Articulate Speech. By Dr. Cassells.

On the Morphologival Belations of the Lower End of the Humerus.

By Professor Cleland, M.D., FJi.S.

In this communication it was pointed out that the torsion of the humerus spoken

of by more than one writer has no existence in nature, and that the limb is deve-

loped in its morphological position. While the radius is morphologically anterior

to the ulna, the anterior, posterior, external, and internal aspects of the humerus
have morphological relations exactly corresponding with those names, so that the

flattening of the lower end of the humerus is not a commencement of the expansiou

which results in two bones in the forearm. The radius does not belong to the outer

side of the humerus, nor the ulna to the inner side ; but the radius is in front of

the humerus, the ulna behind it, and the limb is in its morphological position when
the forearm is in .semipronation.
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On a lfi/ihvci:£huHc Skull, and on the Duijlicity of the Tenipoml Kid^e.

By Prof. Cleland, F.R.S.

On the Sjpinal JS'ervom iSi/stcm of ihc Cciacca. Bj/ D. J. CrNxiNcnAM, 3I.D.,

Senior Dei)ionstrator of Anatonnj, Edinhurgh University.

At the outset of my invesiigations into the anatomy of the spinal nervous system

of the Cetacea, I endeavoured to discover whether any anatomist had described the

arrangement of these nerves. This was no easy matter, so little had been written

on the subject. H. liapp (' Die Cetaceen,' Stuttgart, 1837) states that, " with respect

to the course of the spinal nerves (of the Cetacea) there are no researches ;" and
ytannius ('Lehrbnch der Vergleichenden Anatomic,' Zweiten Theil, 18-J(>, p. 393)
simply mentions that "in the Dolphin a nerve-trunk proceeds out of the lumbar
plexus, the branches of which are intended for the muscles of the rudimentary

pelvis, and for the external genital organs aiid their muscles, as well as for the

region of the anus." Indeed it was not until I had finislied my investigation that

.1 discovered that Swan, in the " Table of Contents " or Introduction to his work
upon the ' Comparative Anatomy of the Nervous System,' published in 1835,

gives a short account of the whole nervous system of the porpoise. I believe,

however, that besides extending liis account very materially, I am able to give

additional results ; and I have taken care to have all my dissections illustrated by
drawings, whilst he, with his wealth of plates of the nervous system of other ani-

mals, does not give one of the nervous system of the Cetacea.

1 may mention that the following results are derived from the dissection of four

members of the Cetacean group, viz. three porpoises and one dolphin*.

Spinal Cord.—The spinal cord is surrounded and supported on all sides by the

d^mse rete mirabile, which may be looked upon as performing a threefold function :

(1) it constitutes a soft pliable packing material, by means of whicli tlie cord is

protected from shocks
; (2) it maintains a uniform warmth around this important

and delicate nervous centre by keeping it constantlj' bathed, as it were, in warm
arterial blood

; (3) and lastly, as Professor Turner has pointed out (Trans. Roy.
Soc. Edinb. vol. xxvi. p. 233), it subdivides the arterial stream^ and equalizes its

force before it reaches the brain and spinal cord.

In the porpoise the spinal cord extends from the margin of the foramen magnum
to a point corresponding to the interval betw^-en the 6th and 7th lumbo-caudal
vertebra^, and opposite to the foramina of exit of the 27th pair of spinal nerves. It

presents two enlargements—one in the cervical, and the other iu the lumbar region.

The former of these is connected v,ith the nerves which go to form the cervical and
brachial plexuses, and the latter with the nerves which supply the genital organs

and the muscular apparatus of the tail. Between these enlargements the cord is

of uniform diameter, and the lumbar swelling tapers away in a fusiform manner
into the filum terminale.

Boots of the Spinal Nerves.—The direction and length of the nerve-roots and the

size and position of the ganglia vary in the dift'erent regions of the spine.

The nerve-roots which proceed from the cervical and luiubar enlargements of

the cord are closely crowded togetlier, whilst iu the dorsal region they are placed

at considerable intervals from each other. Those arising from the lumbar swelling

are very long, tortuous, or curly, loosely bound together by lax connective tissue,

and they constitute the cauda equina. Tliey pass directly backwards to reach

their respective foramina of exit. The dorsal and cervical nerve-roots are much
shorter, and the former are directed outwards and backwards, whilst the latter,

with the exception of the first three which pass directly outwards, take a course

outwards and forwards.

In all the regions the superior nerve-roots are smaller than the inferior—thus

constituting a marked contrast to most mammals, in which tlie reverse of this

arrangement holds good. Nowhere, however, is this diti'erence in size so marked
as in the cauda equina, iu the last nerves of which the superior root is half the size

* A yoimg specimen of D. albirostris {vide Proc. Zool. Soc. 1876, p. 679).
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of the inferior, aud in some places so delicate that when stripped of the loose con-
nective tissue which surrounds it, it resembles (in the porpoise) a fine thread or
hair. From this fact we must not conclude that sentiency is dull in the Cetacea,
for as the animal tapers towards the tail, the amount of skin to be supplied with
sentient fibres is small in comparison to the huge muscular masses to oe supplied
with motor filaments. In the cervical, dorsal, and upper lumbar regions, where the
cutaneous surface is extensive, the superior roots attain a size only slightly smaller
than the inferior roots.

Spinal Nerves.—In the lumbo-caudal region of the vertebral column of a porpoise
or other_ cetacean, the intervertebral foramina correspond to the intervals between
the laminte of contiguous vertebra, and consequently lie on a higher horizontal
plane than the transverse processes. As we approach the dorsal region, however,
a rudimentary pedicle begins to show itself, and this becomes more and more
marked as we pass on towards the cervical region. In the cervical and dorsal
regions, therefore, the intervertebral foramina occupy a more ventral plane, being
situated between the pedicles and inferior to the transverse processes. It follows
from this that the removal of the great extensor muscle in the lunibo-caudal
region displays the whole spinal nerve issuing from the spinal canal, whilst in the
dorsal aud cervical regions it only exposes the superior divisions of these nerves
passing upwards between the pedicles.

Cervical Nerves.—These are eight in number, aud, owiug to the fusion or close
opposition of the vertebra in this region, they are closely crowded together. Each
nerve divides into a superior and inferior division. The superior divisions supply
the muscle and skin on the superior aspect of the neck, and are in some cases (e. g.
dolphin) joined together by communicating branches which lie close to the vertebrte.
The first three of the inferior divisions join together, so as to form a cervical plexus,
whilst the remaining five, together with the tu-st dorsal nerve, and in some cases a
small twig from the second dorsal nerve, enter into the formation of the branchial
plexus. The chief branches of the branchial plexus are those which correspond
to the musculo-spiral, median, and ulnar nerves in man. There is no circumflex
uerve.

Dorsal Nerves.—The superior divisions of these nerves join together in a plexi-
forni manner. Well-marked communicating branches pass betweeu the various
superior trunks, aud connect them with each other. A longitudinal cord or plexus
is consequently formed. The distribution of the inferior divisions is similar to that
of the same nerves in other mammals.

Lumho-caudal Nerves.—The arrangement of the spinal nerves posterior to the
dorsal region is diflereut from that of any other group of mammals (excepting
perhaps the Sirenia) witli which I am acquainted. The final cause of this is

obvious ; it is an adaptation of the nervous system to suit peculiarities in the
muscular construction of these animals. In other mammals powerful inferior ex-
tremities are developed for the purpose of locomotion, and consequently the inferior
divisions of the lumbar aud sacral nerves are large as compared v/ith the superior
divisions, aud they are thrown into plexuses to supply the muscles which act upon
these limbs. In the Cetacea, on the other hand, lower limbs are absent so liir as
locomotion is concerned. The tail is the great organ of progression, and the muscles
which work it are developed equally above aud below the transverse processes of
the vertebral column. In consequence of this, the superior divisions of the spinal
nerves have as important a part to play in the supply of the muscles of the chief
organ of locomotion as the inferior, seeing that it falls to them to give branches to
the extensor muscles, whilst the latter have as their office the supply of the flexor
muscles. The result of this is, that the superior and inferior divisions of the
lumbo-caudal nerves in the Cetacea are very nearly of equal size. To insure the
proper nervous supply of the four great muwnilar masses which work the tail, two
great longitudinal cords or trunks are formed by the spinal nerves on each side of
the vertebral columu—one superior, and formed by the jimction of the various
.superior divisions, and the other inferior, and formed by the union of the inferior
divisions.

_
The first of these commences towards the middle of the dorsal region

;

but even in the cervical region a tendency to a similar arrangement is exhibited.
The inferior longitudinal cord begins further back, at a point corresponding to th»
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eleventh lumbo-caudal vertebra. Posterior to this point, therefore, we have arrsinged

around the vertebral column four great nervous cords—two of which are superior,

and situated one on each side of the A'ertebral spines, and two inferior, and placed

one on each side of the vertebral bodies below tne transverse processes. They are

continued back to the tail, and their chief function is to supply the four great

muscles which act on the tail. Sensory filaments, however, are also given to the

fekin.

The first eleven of the inferior divisions of the lumbo-caudal nerves do not enter

into the formation of the great inlVrior cord. They correspond to the lumbar and
sacral nerves in man. The large internal pudic nerve takes origin from the more
posterior of these.

liecent additional Ohservations on the Physiohf/ical Action of SI'jht.

By Prof. Dewar, F.E.S.K

On the Action of Vanadium upon the Intrinsic Nervous Meclianism of the

Frog's Heart. By Prof. Aethuk Gamgee, F.R.S., and Leopold Laemuth.

Method of Experiment.—\ frog's heart was ai-ranged with an artificial circula-

tion, the blood (i. e. rabbit's seruni) passing from a reservoir of given height through
the auricles, ventricle, and bulhus aurice, and being allowed to trickle back into the

reservoir down the sides of a glass rod, so as to be exposed iu a thin him to the air.

In the course of this artificial circulation a mercurial hsemodynamometer was inter-

posed, arranged so as to record its movements on a blackened cylinder. Before
taking a tracing the outlet of the blood from the circulating system back into the

reservoir was obstructed, thus causing the mercury in the distal manometric limb
to rise and oscillate. Normal tracings were first taken ; then the serum was
mixed with a solution of a sodium salt of vanadium (NaVOj, or Na^V.^O., or Xa,
VO4), and other tracings taken at intervals. When the effects of vanadium-poison-
ing were well advanced the vagus nerve was stimulated in certain cases and the

eflects noted. In other cases atropin-poisoning was induced prior to mixing the

serum with the salt of vanadic acid.

Besidts of Experiments.—"When vanadized serum flows through a beating frog's

heart (being present iu a proportion of -098 per cent, of V.^Oj the force of ventri-

cular systole is much diminished, the ventricle passes into persistent contraction

for a time, while the auricles pulsate as usual or somewhat enfeebled. If the pro-

portion of vanadium were twice as large, the ventricle stops writhing one or two
minutes in a state of rigid contraction, in which it continues for a long time, often,

however, relaxing again before death.

When so contracted, excitation of vagus, sufficient to stop the auricles, has no
effect on the ventricle.

The previous administration of atropia does not iu the slightest modify the above
results.

On the Difference in the Poisonous Activity of Phos2)horus in Ortho-, Meta~, and
Pyrophosphoric Acids. By Prof. Arthur Gamgee, F.E.S., John PRiESTLEi',

and Leopold Larmuxh.

In their experiments the authors made use of frogs, rabbits, and dogs ; and the
sodium salts of the phosphorus acids investigated were introduced into the system
either subcutaneously or by venous injection. The salts used were trisodic ortho-

phosphate, tetrasodic pyrophosphate, and sodic metaphosphate, the standard solu-

•tions being made to contain the same amount of phosphorus calculated as P.fly
As the result of then' experiments the authors state ;

—

1. That trisodic orthophosphate is physiologically inactive.

2. That sodic metaphosphate is a poisonous substance, but not so poisonous as

pyrophosphate of sodium.
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3. That tetrasodic pj-ropliospliate is a body of great poisouous activity, inducing
death without materially affecting the irritability of voluntary muscles or of nerves.

It exerts an action on the spinal cord and medulla oblongata not unlike that exer-

ted by sodium salts of vauadic acid. On the heart its action is similar to that of

salts of vanadic acid. On general nutrition and on the alimentary canal (when
any action resulted) the effects were like those of poisoning by phosphorus, viz.

fiitty degeneration of kidneys, muscular tissue of heart and oi' liver on the one
hand, and hcemorrhagic infarctions and brown patchy congestion of the alimentary
mucous membranes. When introduced into the alimentary canal fatal results

never followed, this being probably due to rapid elimination.

"

On the Action of Pifrop}ios2}horic Acid on the Circulation.

By Prof, Arthur Gakgee, F.Ii.^., John Priestley, and Leopold Larmuth.

The authors described experiments on rabbits and frogs in which sodium pyro-
phosphate was introduced into the system, chiefly by venous injection. They dis-

covered in rabbits a twofold change in the circidation, occurring within 6-2o
seconds after injection of the drug, viz. ( 1) a fall iu blood-pressiu-e and ('2) a marked
slowing of pulse-rate, which they believe they have proved to be due to an
action ou the vaso-motor ceutre in the medulla oblongata and au action on the in-

trinsic motor mechanism of the heart respectiYel3^

On the Brain of the Canidte. By Egbert Garner, F.L.S., F.Ii.C.S,

The author infers, drawing his conclusions from the measurements of the capacity

and from casts of the interior of the skulls of different dogs, that the size of the
brain does not very closely correspond with the size of the animal. He is also

disposed to argue for the derivation of our domestic dogs from one or more wild
dogs ; but of the more remote origin of the latter he does not propose to treat.

From the table it will be seen that no dog has so large a brain as the wolf, or one
so small as the jackal, from both which animals he has been supposed to have been
domesticated ; his brain seems specitic in size. Though Mr. Darwin has shown
that the hirge tame rabbit has a smaller brain than the wild one, yet we could hardly
suppose that the dog, if he were a domesticated wolf, would have his brain so dimi-
nished, the circumstances of the two cases difl'ering very widely. For similar

reasons, if cither the wolf or the jackal must be assigned as the source of the
domestic dog, perhaps preference must be given to the latter. Little account need
be taken of the likeness often seen between these different animals, or of the simi-

larity of the cerebral folds, any more than of the corresponding circumstances in

the Fehdte.
Though neither the size of the brain nor the intelligence of the dog increase in

the exact ratio of the size of the body, yet the two former seem to correspond
better to each other. Li large dogs the skull, as a whole, rather than its brain-

cavity increases, and this for muscular attachment, size of teeth, &c. But it is not
easy to advance further and connect the various powers of dogs with any pecu-
liarity of brain organization. Li dogs with line scent, as the hound, the "rhinou-

cephalon is elongated or cnlnrged and the whole brain also lengthened, and this

throws back the three arched folds which are situated over the lissure of Sylvius
;

the smaller dog?:, noted for acuteuess of smell as well as sagacity, as the terrier,

may have a short but deep rhinoucephalon, fuller convolutions, and the arched folds

more upright. A distinct inner and anterior lobule is seen in front of the upper
transverse sulcus, as well as in the hog, sheep, and horse, but little developed in the
cat, where smell is less acute ; in the sheep it is covered with pigment like the
olfactory nerve, and it appears to be the terminus of the inner root of the nerve.

The above description comprises most of what is seen on the surface of the brain,

and the elongated and simple folds, of which, however, the upper one is bifurcated
before and behind, somewhat correspond with Mr. Swan's later dissections, obscure
as is his text ; there is, however, a superadded tract bordering the longitudinal
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lissuve on encli side, connected with tlie inner surface of the hemisphere, and
bounded in front by the transverse or crucial sulcus, also fonninn;- behind an
occipital portion lyinj^- under the supraoccipital lamina. In these different convo-
lutions there are certainly minor variations in different dogs.

When we see that the brain of the dog is no larger and not more convoluted
than that of the sheep, we must infer that he owes his sagacity in a great measure
to the training and companionship of his master. But no doubt he had its germs
by nature, together with fine scent, fleetness, watchfulness, and hunting propen-
sities ; he hence became, as Cuvier expresses it, " la conquete la plus complete, la
plus singuliere et la plus utile que I'homme ait faite."

In the Table several of the above facts will be manifest ; for inst.ance, the New-
foundland dog, thovigh it was so sagacious as to rescue a drowning man at Southport,
and though the weight of its body would have been four or five times as mucli as
that of one of the small terriers, had its brain only about one fifth larger than
these last.

The capacities of the skulls were ascertained by measuring the interiors by
means of sand, and reducing to the equivalents of the natural contents.

Sheep-dog
Old male Trentham Fox-hound
Setter

Mastiff

Ketriever or large Spaniel ....
Colly :

White Bull-dog
Newfoundland
Greyhound
Fox-like Mongrel
Drover's-dog
Young Bull-terrier

Smootli Terrier, female
Hough Terrier

Small Spaniel
Lap-dog
Rough Terrier, female

European Wolf ,

Indian Jackal
English Fox
Arctic Fox

Length
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beschriebeu -worden. Beide Genera zusammeu bilden eine besondere kleine Klasso
von Zoophyteu, welche der Vortragende Gastraenden neunt, und welche weder mit
den Spongien noch mit deu Hydroiden vereinigt werden kijnneu, da sie die unter-

sclieidendeu Charaktere beiden in sich vereinigeu.

Eine ausfiibrliche, von 6 Tafeln begleitete Abhandlung iiber diese Gastraeaden
hat inzwischen Professor Ilaeckel verofFentlicbt in der ' Jenaisclien Zeitselirift fiir

Natiirwissenscbaft,' vol. xi. Heft i., 20. Marz 1877. Separat-Abdruck in den ' Stu-
dien zur Gastraea-Theorie.'

On the Dynamics of the Racial Diet in India. By Surgeon-Major Jonssxox.

On tlie Action of Alcohol on the Brain.
By Chakles Thomas Kingzett, F.G.S. London and Berlin,

The question of what becomes of alcohol taken into the system has been exteu-
si^ely studied.

Thudichum was the first to determine quantitatively the amount of alcohol
eliminated by the kidneys from a given quantity of alcohol administered, and the
result -which he obtained was sufficient in itself to disprove the " elimination

"

theory at that time widely prevailing.

Dupre and many others continued these reseai'ches, from which, to use Dupre's
own words, we may fairly draw three conclusions (see ' Practitioner/ March 1872,
being abstract of a paper communicated to the Royal Society) :

—

(1) The amount of alcohol eliminated per day does not increase with the con-
tinuance of the alcoholic diet ; therefore all the alcohol consumed daily must of
necessity be disposed of daily ; and as it is certainly not eliminated within that
time, it must be destroj-ed in the system.

(2) The elimination of alcohol following the taking of a dose of alcohol is com-
pleted twenty-fom' hours after the last dose of alcohol has been taken.

(3) The amount eliminated in both breath and urine is a minute fraction only of
the amount of alcohol taken.

Now Dr. J. Percy in 1830 published a research on the presence of alcohol in the
ventricles of the brain, and, indeed, he concluded " that a kind of affinity existed

between the alcohol and the cerebral matter." He further stated that he was able

to procure a much larger proportion of alcohol from the brain than from a greater
quantity of blood than could possibly be present within the cranium of the animal
upon which he operated.

Dr. Marcet, in a paper read before the British Association in 1859, detailed
physiological experiments which he considered to substantiate the conclusions of
Percy, inasmuch as they demonsti-ated that the alcohol acted by means of absorp-
tion on the nervous centres.

Lallemand, Perrin, and Dure)' had moreover succeeded previously in extracting

alcohol from brain-matter in cases of alcoholic poisoning. But all these researches

leave us entirely in the dark as regards the true action, if any there be, of alcohol

on cerebral matters. And no method of investigation was possible vmtil the
chemical constitution of the brain was within our knowledge.
Thudichum's recent researches in this direction, together with some more recent

and published investigations by Thudichum and the author, have placed within
reach new methods of inquiry regarding the action of alcohol on the brain. In my
research I have attempted this inquiry, by maintaining the brains of oxen at the
temperature of the blood in water or in water containing known amounts of

alcoliol. The extracts thus obtained have been studied in various ways and sub-
mitted to quantitative analysis, while the influences exerted by the various fluids

on the brains have been likewise studied. These influences extend in certain cases

to hardening, and to an alteration in the specific gravity of the brain-matter.

Here I shall simply state in the fewest words my results and the conclusions to

which they lead.

Water itself has a strong action upon brain-matter (after death), for it is capable
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of (lissolviug certain principles frnm tlio brain. These princiiiles include cerebrine

(CjilIp^NjO^), myeliue (Cj.JI^jNPCJg), and apparent!}' a new phospliorized prin-
ciple insoluble in strong- alcoliol, together with that class of suDstances generally
termed extractives. At the same time the brain swells and attains a smaller
specific gTavity : thus in one case from lO.'iO it became 1007. It is notable that
water, however, dissolves no kephaline (C^jIT^gNPOij) from the brain.

Alcohol seems to have no more chemical effect on the brain than water itself, so
long as its proportion to the total volume of fluid does not exceed a given extent.

The limit would appear to exist somewhere near a fluid containing 35
"/o alcohol.

But if the percentage of alcohol exceeds this amount, then not only a larger

quantity of matter is dissolved from the brain, but that matter includes" kephaline
(C^^IIre'^POjj). Such alcoholic solutions also decrease to about the same extent
as water the specific gravity of brain-substance, but not from the same cause ; that
is to say, not merely by the loss of substance and swelling, but by the fixation of
waier. Many difficulties surround the attempt to follow these ideas into life, and
to comprehend in what way each or all these modes of action of water and alcohol
on the brain may be iutiueneed by the other matters present in blood. From
Thudichuni's researches it follows that the brain must be subject to every influence
afTecting the blood ; and it is probable, on consideration, that what is written above
regarding the action of water on the brain is likewise true of an extraordinary
watery serum in life. But if the serum be rich in salts, those salts, by a power of
combination which they have for the cerebral principles, would preserve the inte-

grity of the latter. On the other hand it is difficult to see how any of the matters
known to exist in the blood could prevent alcohol, if it were present in sufficient

amount, either from hardening the brain (as it does after death) or from dissolving
traces of the principles to be henceforth carried away in the circulation. That is

to say, should physiological research confirm the stated fact that the brain in life

absorbs alcohol and retains it, it would almost follow of necessity that the alcohol
would act as I have indicated and produce disease, perhaps "delirium tremens."

On the Poisonous Activity of Vanadium in OrtJio-, Meta-, and Pyrovanadie
Acids. By Leopold Larmuth.

The author concludes from certain experiments detailed that the toxic intensity

of orthovanadate of sodium is much less than that of the pyro- and metavanadates
of the same base, but that the fundamental mode of action is the same in each.

On the Action and Sounds of the Heart. By Dr. PATOlf.

Note on the Physiohyical Action of Vanadium. By John Priestley.

The author described the methods of experiment and observation followed out
in a research into the physiological action of vanadium, and concluded by stating
the general results arrived at, viz. :

—

1. That vanadium is a poisonous substance.

2. That the symptoms of poisoning are, in general, similar whatever the method
of the introduction of the salt into the animal system.

3. That the symptoms of poisoning which appeared in one or other of the various
classes of animals above mentioned are :—paralysis of motion ; convulsions, local or
general ; rapidly supervening drowsiness or indiflerence to external circumstances

;

congestion of alimentary mucous membranes ; discharge of sanguinolent fluid faeces;

presence of glairy, fluid mucus in the intestines after death ; certain changes in

respiration, and. coincidently, a fall in temperature ; drowsiness and feebleness of
pulse. In addition, the heart was always irritable after death, consciousness and
sensibility to pain seemed unimpaired, and no diminution could be detected in the
powers of muscle and nerve to respond to stimulation.

4. That the lethal dose for rabbits lies between 9-18 and 14-6G milligr. of V^O,
per kilogr. of rabbit.
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5. That the special action of vanadium on the function of respiration is to cause
(a) A stimulation, followed by
{b) A depression of respiration, the latter being not continuous, but

intermittent.

Both effects are considered to be due to an action of the poison upon the respi-

ratory nervous centre.

0. That the special action of vanadium on the function of circulation is to cause
(ff) A diminution of blood-pressure, which is not continuous, but inter-

mits during the operation of the poison
;

(b) A disappearance of I'espiration-curves
;

(c) A diminution and irregularity of pulse, which is also intermittent.
The results are considered to be due to an action of the poison on the vaso-motor

centre and on the intracardiac nervous mechanism.
7. That, although muscles and nerve-trunks speedily die when immersed in even

dilute solutions of a sodium salt of vanadium, yet vanadium is not rightly to be
called a muscle- and nerve-poison, since frogs which have been poisoned by sub-
cutaneous injection of vanadium still possess nerves and muscles which, in irrita-

bility or in power of doing work, are quite normal. Nevertheless vanadium attacks
the nervous centres of the spinal cord and medulla oblongata.

Observations on the Phi/siologiccd Action of Chromium.
By John Pkiestley.

The author experimented with guinea-pigs, rabbits, and frogs, injecting solutions
of neutral chromate of sodium (Na^CrO,,) beneath the skin or into tlie veins. lie
concludes :

—

1. That -1 to -3 grm. CrOj, in the form of the above-named salt, is a powerful
poison for rabbits and guinea-pigs.

2. That death is preceded by sp.asms and violent retching, which commence a
few minutes after injection of the poison. Spasms are succeeded by paralysis of
motion and, in frogs, abolition of reflex action.

3. That the blood-pressure first rises and then falls, the fall continuing until death.
Further, that after the fall has become marked the pulse suddenly becomes ab-
normal, stopping for the space of a beat or two at irregular intervals, which are
occasionally of considerable length, the pulse becoming regular again during the
intervals. The author believes that this irregularity of pulse is due to an action
on the vagus nervous centre.

4. That the alimentaiy mucous membranes are the seat of extensive congestion
and ecchymoses.

5. That the kidneys become congested.
6. That muscles and nerve-trunks and extremities remain sensiblv normal.

The Termination of the Nerves in the Vestihide and Semicircular Canals of
Mammals. By Ukban Peitchaed, M.D., F.B.C.S., Aural Surgeon to

King's College Jfosjjital, Lecturer on Animal Physiology at King's College.

The author gave the results of his investigations into the structure of the ner\-e
epithelium, as it is called, which contains the termiual distribution of the acoustic
nerve.

The membranous labyriutli is composed of three layers—externally some loose
connective tissue, then a distinct layer of dense connective tissue"^ (the tunica
propria), and lying on this a single laj-'er of tessellated epithelium. At the acoustic
spots, where the nerve is distributed, this membrane is firmly adherent to the
osseous wall, and the epithelial layer becomes transformed into nerve epithelium.

In the saccule and utricle these spots are termed the macuhe acusticre, and in
the three arapullaj the cristse acustica?, the latter being raised into a kind of ridge.

The nerve epifhclium.—Max Schultze described this structure as consisting of
three elements—a deep layer of nuclei, a superficial layer of cylindrical cells, and
between them numerous filiform cells.



TRANSACTIONS OF THE SECTIONS. 157

Odeiiiiis and KoUikev's researches confirmpd these observations, but Ilasse gives

a totally dllierent account of the structure. He describes it as consisting: of alter-

nating elongated cells, the one bearing the ciliuni, the other isolating the ciliated

cells, and resting with a broad base on the menibrana propria.

liudinger sominvhat reverses the description of Hasse, and states that the

isolating cells are triangular, with their bases turned upwards so as to form the

free border of the epithelial mas.^, and doubts the existence of the deep layer of

nuclei.

Ebner believes the essential elements to consist of two forms—a superficial layer

of cylindrical ciliated cells rounded oft' below, and a deep multiple layer of filiform

cells with their filaments passing up between the cjdindrical cells.

Ijastly, Paul Meyer describes it as made of two parts—a deep layer of nuclei, and
a superficial one of cylindrical ciliated cells tapering off below.

The author's observations have led him to conclusions which, although they arc

essentially difierent from those of the authors just alluded to, yet appear to him to

reconcile to a great degree their various conflicting descriptions.

The appearance of this structure differs according to the position in the macula
of the portion examined.
A typical portion, such as may be seen midway between the centre and circum-

ference of the spot, consists of a layer of alternating elongated cells, l)ordered above

l)j' a distinct cuticular membrane, and connected below with those nuclei which
form the deep layer described by most authors. So that the cellular elements may
be said to consist of two alternating forms of elongated cells, each having an upper

and a lower nucleus. The author calls the first the thorn-cells, on account of the

shape of their cilium, and the second the bristle-cells for a similar reason.

The thorn-cells have a fusiform body containing an oval nucleus; from this body
passes upwards through the cuticular membrane a tapering cilium or thorn ; the

lower extremity is prolonged downwards, and again expands to enclose its second

nucleus.

The bristle-cells have a triangular body containing an oval nucleus ; the base of

this is intimately connected with the cuticular membrane, and from this base

passes upwards a narrow bristle-like ciliuni ; the apex of this triangular ))ody is

prolonged downwards and has a second nucleus like its fellow thorn-cell.

The cuticular membrane is a very thick, well-marked membrane, holding the

cellular elements in their place, and perforated for the passage of the cilia. This

membrane is analogous to the membrana reticularis of the organ of C'orti, and
the author therefore proposes to call it by the same name.

Modifications of the nerve epithelium.—As there is a general increase in thickness

of the macula from circumference to centre, so the cells and their various parts

elongate ; the cilia, which are short and stumpy at the edge, become very much
longer and comparatively finer at the centre of the acoustic spot. At Ihe circum-

ference the cells pass by insensible gradations into the columnar epithelial celks,

which surround the whole macula. Towards the centre the upper nucleus and
surrounding protoplasm of the bristle-cells gradually diminisli and then are lost

altogether, this part of the cell being represented by a trabecula from the mem-
brana reticularis. The bristle-like cilium remains after the upper protoplasmic

mass has disaj^peared ; but eventually this also is lost.

The termination of the nerves in the macula.—The uerve-fibres arriving at the

membrana propria lose their white substance, and enter the nerve epithelium

without it. After passing this point there is considerable difficulty in tracing the

nerve-filaments ; but there is no doubt that they form a plexus around the deeper

layer of nuclear bodies, and that some of the filaments may be traced directly or

indirectly into the ciliated cells.

The otolith mass.—Covering the acoustic spot is a soft mass into which the cilia

pi-ojoct to a certain distance ; this is evidently of a cuticular nature, and is analogous

to tiie menibrana tectoria of the cochlea. The otoliths are fixed by this mass,

being chiefly contained in its outer portion.

1876. 15
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On a Mieroscojpe adajited for sliowing the Circulation in tlic Human Subject.

By Dr. Urban Pbitchard,

Physiology of the Nervous System of Medvscf.

By George J. EojJAjfES, M.A., F.L.S., ^r.

Fundamental Observations.—The autlior has succeeded in demonstrating tlie pre-

sence of a nervous system in Medusae, the ganglionic element of which appears to

be localized exclusively in the margin of the swimming-hell. For he found that

on excising the entire 'margin of the bell in any species of naked-eyed Medusse the

swimming motions of the bell instantly ceased and were never again resumed,

while the severed margin continued its rhvthmical contractions for days. With
the covered-eyed Medusse the case is not quite so definite ; for although the para-

lysis of the bell, which is here likewise produced by the operation just described,

is usually complete for a time, it is not always permanent ; but, after periods

varjing from a few seconds to half an hour or more, occasional contractions begin

to manifest themselves. Moreover, in the case of the covered- eyed Meduste, the

author found that excision of the lithocysts alone was attended with the same degree

of paralyzing effect on the bell as was excision of the entire margin ; whereas in

the case of the naked-eyed MedusaB such was not the case. Histological observa-

tions revealed the presence of ganglion-cells and nerve-fibres in the lithocysts.

Natural Mh/thm.—As regards the natural rhythm of the Medusa;, it was ob-

served that its rate has a tendency to bear an inverse proportion to the size of the

individual; but that on submitting an individual to artificial segmentation, the

rate of the rhythm exhibited by the various segments showed a tendency, other

things equal, to vary directly as the size of the segment.

When forms of mutilation were practised in which the margin of the swimming-
bell was left intact, it was observed that after a temporary acceleration the rate of

the rhythm progressively declined, and became stationary at a rate that was slower

the greater the amount of tissue that had been removed. From these experiments
the author is inclined to infer that the apparently automatic action on the part of

the marginal ganglia is really of the nature of a reflex—a constant stimulation being
presumably supplied b}^ those other parts of the organism the removal ofwhich was
attended with a retardation of the rhj'thm.

The rate of the rhythm is increased by elevations of temperature as far as 60° F.,

but in still warmerwater (70°-S0°) the rate, after having been temporarily quickened,

becomes permanently slowed. Diminution of temperature likewise produces a
retarding efiect on the rhythm, and eventually (20°) altogether stops it.

Some specimens of Aurelia aurita were frozen solid, so that all their gelatinous

tissues were pierced through in every direction by an innumerable multitude of

ice ciystals, which had been formed by the freezing, in situ,oi the sea-water which
enters so largely into the composition of these tissues. Yet, on being thawed out,

the animals recovered, although their original rate of rhythm did not fully return.

Their tissues then presented a ragged appearance, which was due to the disinte-

grating effect produced by the formation of the ice crystals.

The rate of the rhythm is accelerated by oxygen and retarded by carbonic acid.

Stimulation.—All the contractile tissues of all the Medufas are keenly sensitive

to all kinds of stimulation. When a swimmiDg-bell, for instance, is paralyzed by
excision of its margin, it invariably respouds to a single stiuuilus by once perforai-

ing that movement which it would have performed in response to that stimulus

had it still been in an uumutilated state. To mechnnical stimulation the sensitive-

ness of the paralyzed bells is wonderfully great—a drop of sea-water let fall from
an inch in height upon the contractile tissue being sutficient, in seme species, to

elicit a responsive contraction. In their responses to all kinds of chemical stimuli,

the excitable tissues of the Medusas conform in every respect to the rules v.'hich

are followed by the nervo-muscular tissues of higher animals. Similarly with
thermal and electrical stimulation. Light also acts as a powerful and unfailing

stimulus in the cases of some of the naked-eyed Medusje. Sarsia, for instance,
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almost invariably responds to a single flash by giving one or more contractions.
On removing the margin such responses cease on the part of the bell, although they
continue on tlie part of tho severed margin. But on removing the so-called " eye-
specks" from the margin such responses cease; and that these "eye-spocks" 'are

true visual organs is further proved by the fact that, while unmutilated<b'ff?•«/«; will
throng into the path of a beam of light, and even follow the beam wherever it is

moved through the water, i^'arsiee vfith their "eye-specks " removed will no longer
do so. Any one of the luminous rays of the spectrum acts as a stimulus, but not
so the rays which lie on either side of the luminous spectrum.
The period of latent stimulation was determined in the case oiAurcUa aurt'ta

by employing the induction-shock. It was foimd to vary greatly, according to the
temperature at which the tissue was kept. Thus, while in water at 20'^ it was
5 sec, in water at 70° it was } sec. It was also found to vary gi-eatly under the
influence of so-called summation of stimuli. Thus, while in v/ater at 4o° the latent
period was g sec. in the case of the first of a series of stimuli supplied in regular
succession at two seconds' interval, it was only | sec. in the case of the tenth stimulus
of the series. In every such series of stimuli supplied at short intervals the latent
period becomes progressively less and less until it attains its minimum, while the
strength of the contraction becomes progressively greater and greater until it attains
its vuiximum, the intensity of the stimulation, of course, remaining constant
throughout the series. If more than one minute is allowed to elapse between any
two successive stimuli of a series, this beneficial or arousing effect of summation no
longer asserts itself ; the tissue has, as it were, forgotten the occurrence of the
previous stimuli. That the arousing effect in question is due to the occurrence of
the successive stimidatiom, and not to the occurrence of the successive contractions,

appears to be indicated by the fact that if induction-shocks be employed whicli
are of less than minimal intensity at the commencement of a series, they first become
of minimal and evontuallj^, at the end of a series, of more than minimal intensity.
Now, as in this case no contraction occurs in response to the first three or four
stimuli, it is evident that the summating influence must have reference to the
process of stimulation as distinguished from that of contraction. Nevertheless,
that the summating effect is a general one pervading the whole extent of the re-
sponding tissue, and not confined to the area occupied by the electrodes, is proved
by the fact that if, during the administration of a series of stimuli, the electrodes
be suddenly shifted to another part of the excitable tissue (perhaps eight or nine
inches from their previous seat), the summating effect is resumed from the point at
which it was left by the previous stimulus. The author further proved by various
experiments that during the natural swimming motions of the JMeduste every con-
traction exerts a beneficial influence on its successor, which resembles both in kind
and degree that whicJi is exerted by a contraction due to an artificial stimulus.

ArtificialRhythm.—When the paralyzed disk of^(w-e/^rtfoo-i'i'rtissubmitted to strong
faradaic stimidation,it goes into a tolerably well-pronounced tetanus. If the strength
of the current be now diminished, the tetanus assumes a wild and tumultuous charac-
ter, somewhat resembling that of a heart under similar circumstances. If the strength
of the current be again progressively diminished the character of the tetanus bo-
comes progressively less and less tumultuous, until at last it ceases to be tetanus
and passes into rhythm. This artificial rhythm is quite as regular and quite as
sustained as is the natural rhythm of the animal. Its rate varies in difiereut spe-
cimens, but usually corresponds with that of rapid swimming. Progressively di-
minishing the strength of the faradaic stimulation has the ertect of progi'essively
decreasing the rate of the rhythm down to the point at which all response ceases'^;

but between the slowest rhythm obtainable by minimal stimulation and the most
rapid rhythm obtainable before the appearance of tetanus there are numerous
degrees of rate to be observed. The artificial rhythm may be obtained with a
portion of any size of irritable tissue, and whether a" small or a large piece of the
latter be included between the electrodes. The persistency of any given rate of
rhythm under the same strengtli of cm'rent is wonderfully great ; 'for it generally
requires more than an hour of continuous faradization before the rh-\thm beo-ins
to become irregular, owing to incipient exhaustion. At first only one systole is

omitted at long intervals, but afterwards these omissions become frequent and all

15*
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tbe contractions irreoiikr. Fiuall} the coutvaction« altogetliei- ceiise, Inil a vest .'f

liaif an hour or au hour restovos the irritability.
., , ,

The hj'pothesLS by ^vhich the author seeks to explain this artificial rhythm (a

rhythm which, in most cases, is (jiiite as regular as the heating- of a heart) is as

follows:—
. n- i.

• 1

Every time the tissue contracts it must, as a consequence, sutler a certain degi'ee

of exhaiistion, and therefore must become slightly less sensitive to stimulation than

it was before. After a time, however, tlie exhaustion will pass away, and the

original degree of sensitiveness will thereupon return. Now the intensity of the

faradaic sti'mulation, which is alone capable of producing rhythmic response, is

either minimal, or but slightly more than miaimal, in relation to the sensitiveness

of the tissue wlieu fresh." Consequently, when the degree of this sensitiveness is

somewhat lowered by temporary exhaustion, the intensity of the stimulation

becomes somewhat less than minimal in relation to this lower degree of sensitive-

ness. Tlie tissue therefore fails to perceive the presence of the stimulus, and con-

sequently fails to respond. But so soon as the exhaustion is_ completely recovered

from, .so soon will the tissue again perceive the presence of tlie stimulation._ It

will therefore again respond, again become temporarily exhausted, again fail to

perceive the presence of the stimulation, and therefore again become temporarily

quiescent. Now it is obvious that if this process occurs ouce, it may occur an

indefinite number of times ; and as the conditions of nutrition, as well as those of

stimulation, remain constant, it is manifest that the responses may thus become

periodic.

In order to test this hypothesis the author nude the following experiments.

Having first noted the rate of the rhythm under faradaic stimulation of minimal

intensity, without shifting tlie electrodes or altering the streugth of the current, he

discarded tlie faradaic stimulation, and substituted for it single induction-shocks

thrown in with a key. He found tliat the maximum number of these single shocks

which lie could thus" tlirow in in a given time, so ns to procure a respome to every

shoch, corresponded exactly with the number of contractions which the tissue had

previouslv given during a similar interval of time when under the influence of the

faradaic current of similar intonsit)'. For instance, to take a specific case, it was

found that under the faradaic current the rate of the rhythm was one in two seconds.

Bv now tlirowing in single shocks of the same intensity, it was found that the

quickest rate at which these could be thrown in, so as to procure a response to

every shock, was one in two seconds. If thrown in at a slightly quicker rate, every

now' and then, at regular intervals, one of the shocks would fail to elicit a response.

The length of theselntervals, of course, depended on the rate at which the succes-

sive sliocks were thrown in ; so that, for instance, if they were thrown in at the

rate of one a second, the tissue wordd only, but always, respond to every alternate

sliock.
. . .,, ^ • K

The foUowino-, and somewhat similar, experiment is still more conclusive. Aa
'alrerdy stated, the rate of the artificial rhythm under faradaic stimulation varies

v,-ith the strength of the faradaic current. Now, by choosing at random any

streugth of faradaic stimulation between the limits where rhythmic response oc-

curred, and by noting the rate of the rhythm under that strength, the author was

o-oneral!v able to predict the precise number of single induction-shocks lie could

afterwards aflxird to thro-.v i:i with the same strength of current, so as to procure n.

resijonse to every shock—this number, of course, corresponding exactly with tli;'

rate of the rhythm previouslv manifested under the faradaic stimulation.

Other experiments, which'do not admit of being briefly detailed, have likewls.T

confirmed the above h-^-pothesis. Upon this hypothesis, therefore, the author ha ;

c-iustruetod a theory concerning the rhythmic action of organic tissues in general.

The details of this theory cannot be rendered in the present abstract; but in its

main outlines it is very simple, viz. that all such rhythmic action is due to the

alUn-uate process of exhaustion and recovery of cuntractile tissues, whicli has ju?t

been explained. Therefore the particidar case of rhythmic action of ganglionatod

tissues is supposed by this theory to bo due, not to any special resistance mechanism

on the part of the ganglionic tissues, but to the primary qualities of the contractile

tissue?. In i.>ther words, the functiou ofthe ganglia is supposed to l)e merely that of
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supplying a coustaul stiinuhitiu)i—{\ie rhijthm loeing supposed due to the ^ame cause.?

as is the artificial rhythm of AurvUa aiirifa. From this it will bo .«oeu th.at the

essential point of dillereuce between the cuiTent theory of rhythm as due to ganglia

and the theory now proposed consists in this—that whereas both tlieories suppose

the acciamilation of energy bj' ganglia to be a continuous process, the resistauce

theoiy supposes the discharr/e of this accumulated energy to be intermittent, while

the exhaustion theory supposes it to be continuous. According to the former

theory, therefore, the rhythm results because the stimulation is periodic ; according

to the latter theory, the rhythm results because the alternate process of exhaustion

and recovery, or the fall and rise of excitability, is periodic.

Without waiting to discuss the it priori merits of these rival theories, the author

proceeded at once to mention some further experiments v,-hich were designed to

test the new theory, and which have so far confirmed it as to show the causes which
modify the natural rhythm of Aurelia likewise modify, in the same ways antl

degrees, the artificial rhythm.
(ff) Other modes of constant stimulation, besides that supplied by favadaic elec-

tricitj', likewise cause rhythmic action on the part of the deganglionated tissues of

MedusK. For instance, the voltaic curreut causes this action * ; and dilute

chemical stimuli tend to produce the same effect.

(h) With each increment of temperature the rate of the artificial rhythm in-

creases suddenl}', just as it does in the case ofthe natural rhythm. Moreover, there

seems to be a sort of rough correspondence between the amount of iufluence that

any given degree of temperature exerts on the rate of the natural and ofthe artificial

rhythm respectively. Further, it will be remembered that in warm v.-ater the

natural rhythm, besides being cj^uicker, is not so regular as it is in cold water : thus

also it is with the artificial rhythm. Lastly, water below 20'^ or above ^o^ sus-

pends the natural rhythm ; and the artificial rliytlim is suspendol at about the

same degrees.

(c) Carbonic acid retards and eventually su.^pends the artificial rhytlnn, in just

the same way as this gas acts on the natural rhj'thm.

(f?) When the marginal ganglia of Sarsia are removed, the manubrium shortly

afterwards relaxes to five or six times its normal length. There can be no doubt
that this eft'ect is due- to the muscular fibres of the manubrium having been pre-

viously kept in a state of tonic contraction by means of a coutiiiuous ganglionic

discharge from the margin. Now physiologists are unanimous in regarding mus-
cular tonus as a kind of gentle tetanus due to a persistent ganglionic stimul.ntion ;

and against this opinion nothing can be said. But, in accordance with tlie ac-

cepted theory of ganglionic action, physiologists further suppose that the only
reason why some muscles are thrown into a state of tonus by ganglionic stimula-

tion, while other muscles are thrown into a state of rhythmic action by the same
means, is because the rei-i^fance to tlie passage of the stimulation from the ganglion

to the muscle is less in the former than in the latter case. On the other hand, tlie

new theory of ganglionic action explains the diflerence by supposing a difttireut

degvec ol irritabilifi/ on the part of the muscles in the two cases; for it will be
remembered that in the author's experiments on paralyzed AurcUn, if the continuous
stinuilation were of somewhat more than minimal intensity, tctaiuis was the result,

while if such stimulation were but of minimal intensity, the result was rhythmic
action. Now the author finds in the case of Sarsia that the muscular tissue ofthe
manubrium is more excitable than th.o muscular tissue of the bell ; so that, for this

and other reasons, the facts here accord more closely with the exhaustion than
with the resistance theoiy of ganglionic action.

licflex Action.—The occurrence of reilex action in the Medusai is of a vi'ry marked
character. For instance, if the manubrium be irritated, the swimming-organ re-

sponds to the irritation by giving one or more contractions; but if tlie marginal
ganglia be now removed, the swimming-organ no longer responds even to the most
violent u'ritation. Again, in Aurelia, if only one litliocyst be Ifft in fifti, and if,

during a pause in the activity of the latter, any part of the irritable surface of the

* Thus far the results arc strikincrly similar to those obtained hy Dr. For*ter iu (Ii#

case of the lieart-apex.
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swiinmiug-organ be very gently iri'itated, the resulting contractile '^vaye does not
start from the immediate seat of irritation, but from the ganglion which still

remains in situ.

But this allusion to a " contractile wave " renders it necessary to state that all the
conti'actile motions of the Meduste (whether due to ganglionic or to artificial

stimulation) may be seen to be of the natme of contractile waves which spread
from the i^oint of stimulation as from a centre. The rate at which they travel

varies greath' in diflerent species, and in the same species imder dilterent conditions
of temperature, &c. The author has made an elaborate series of experiments by
section, with the view of ascertaining whether these contractile waves are merely
muscle-waves or depend for their passage upon the presence of rudimentary nerves.
He finds that the tissue will endure almost any severity of overlapping SL^ctions

without suflering loss of its physiological continuity—the contractile waves still con-
tinumg to zigzag back and fore among the overlapping cuts. Similarly v/ith

another form of section, which consists in carrying a cut round and round the
swimming-disk in the form of a spiral, the Medusae being thus converted into the
form of a ribbon. In such a form of section the author has repeatedly seen con-
tractile waves passing freely from end to end of a ribbon-shaped strip of tissue

measuring only an inch across and more than a yai-d in length. He was therefore

at first inclined to regard these contractile waves as merely muscle-waves. Never-
theless there is likewise an important body of evidence to be adduced in favour of
a nervous plexus. In particular, if the spiral mode of section be carried on suffi-

ciently fai', a point is, sooner or later, sure to come at which i\\e contractile waves
cease to pass forward : they become blocked at that point, and this ahcays with
t/reat stidcknness. Moreover, the point at which such blocking of the waves takes
place is extremely variable in diflerent individuals of the same species. Lastly,

the fact tlir.t reflex action has been proved to occur, shows that these excitable

tissues are pervaded by tracts which present the distinguishing function of nei-ve,

viz. the conveying of impressions to a distance. And it is of the first importance
to obser\-e that this fimction is quite as difficult to destroy by the introduction of

overlapping or of spiral cuts as is the function on which the passage of contractile

waves depends. lu other words, reflex action continues to take place through
forms of sectiou as severe as those through which contractile waves continue to

!)ass. And tliis f;ict the author considers the most important that has as yet been
nought to ligbt in the whole range of invertebrate physiology ; for he regards it as

evidence that in these primitive nervo-muscular tissues the conductile or nervous
element becomes diflerentiated from the contractile or muscular element in such
a way that vicarious action is permitted to take place to any extent among the
incipient conductile elements. And in .striking confirmation of this view another
series of observations may here be mentioned.

Tiaropsis inclicans is a bowl-shaped species of naked-eyed Medusfe, to which the
author has assigned this name in reference to a highly interesting function that is

manifested b_v its manubrium. This fuuction consists in the organ localizing, with
the utmost precision, any point of irritation which is situated in the bell. For
iustance, if any point in the irritable surface of the bell be pricked with a needle,

the manubrium moves over towards that point and applies its tapered extremity
to the exact spot where the prick has been inflicted. But now, this unerring pre-
cision with wliich the manubrium indicates a seat of iriitatiou in the bell may be
completely destro^'ed by introducing a short cut between the base of the manubriiun
and the seat of irritation in the bell. The afferent connexions, therefore, on which
this localizing function depends are thus shown to be exclusively, or almost exclu-
sively, radial. But although under these conditions the manubrium is no longer
able to localize the seat of irritation, it nevertheless continues to perceive, so to speak,
that irritation is being applied someivherc ; for every time the irritation is applied
the manubrium actively dodges about from one part of the bell to another, apply-
ing its extremity now at this place and now at that one, as if seeking in vain for

the ofl'ending bodv. Now this fact shows that the stimulus, on reaching the point
at which the afferent tract is severed, escapes from the severed to the unsevered
tracts through the vicarious action of the latter.

There is another point of interest connected with this apparently reflex action.
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When the author removed the mamibrium at its base, he found that on now irri-

tating- any part of its own substance the apex endeavoured to curve down towards

the seat of irritation. Similarly, if only a portion of the manubrium were removed,
the pointing action of that portion resembled the pointing action of the entire

organ, while the stump that remained in situ would continue to move over as far

as it could towards any point of imtation situated in the bell. Hence there can

be no doubt that every part of the manubrium is independently endowed with the

capacity of localizing a seat of irritation either in its own substance or in that of

the bell. And in this we have a very remarkable fact ; for the localizing function

which is so very efficiently performed by the manubrium of this Medusa, and which,

if any thing resembling it occurred in the higher animals, would certainly have
definite ganglionic centres for its structural correlative, is here shared equally by
every part of the exceedingly tenuous contractile tissue that forms the outer surface

of the organ, ^^"e have thus in this case a general diti'usion of ganglionic function,

which is coextensive with the contractile tissues of the organ.

Poisons.—The author has conducted a number of experiments with reference to

the effects of the various nerve- and muscle-poisons on the primitive nervo-muscular

tissues. He has tried chloroform, ether, morphia, caflein, nitrate of amyl, alcohol,

nicotiu, strychnia, veratrium, digitalin, atropia, curare, cyanide of potassiiun, &c.,

&c., and he finds that in the main all these poisons exert precisely the same eftects

on the Medusae as they do on the higher animals. A vast number of other obser-

vations were detailed which do not admit of being briefly abstracted. Those who
are interested in the subject are therefore referred to the ' Philosophical Trans-

actions,' where a full account of the research is to be found.

New Researches on the Electrical Phenomena consequent on Irrltaiiou of the

Leaves of the Fhj-trap (Dionsea muscipula). B'l Prof. Ijdedon Sandeksox,

F.R.S.

Oil the Nervous Ajiiiuratus of the Lungs. By Ur. William Stikling.

An Account of Finger-muscles found in the Greenland Right Whale.
By Prof. Stetttheks.

An Account of Dissections of the supposed Rudimentary Hind Limb of the

Greenland Right Whale. By Prof. Struiitees.

On the Structure of the Placenta in relation to the Theory of Evolution.

By Prof. W. Tukxeh, F.R.S.E.

On tJie Effects of the Mineral Substances in Dnnlcing- Water on the Health of
the Community. By J. A, Wanklyn.
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A^TUEOPOLOGT,

[For A. Kiissel Wallace's Address, see page 100.
|

On the Oldest Woman in Scotland. By General Sir J. A.iex,vnder.

On some Phenomena associated with Abnormal Conditions of Mind.
By Prof. Bareett, F.Ji.S.E.

Frimitive Ayricnltcre. By A. W. Buckiand, M.A.I.

Belie^iiio' the study of Piimillve Apricultiire to be of great iinporfauce iu cou-
uexioB witli the iiiigTatious and social inteicoiirse of races in the prehistoric times,

I have endeiiToured to show :

—

1st. The autiquitj' of the art and its bearing- upon civilization ; that it could only
have originated among people having a settled abode, and therefore was probably
first practised iu a very imperfect state by the women of tribes left in tents or villages

to await the return of hunters—a probability which is strengthened by the fact that
women are still the sole agriculturists among man}^ semicivilized races.

2nd. That although agriculture may have originated in many lands and at dif-

ferent times, many peoples yet remain iu total ignorance of it, and the agriculture

of the lower races consists in the cultivation of indigenous roots and fruits, the
cultivation of the cereals being confined to civilized races and to those who have
learnt it through contact v.^ith them.

3rd. That the origin and native land of all the cereals remains obscure, althoLigh

all, excepting maize, are supposed to be indigenous in the eastern hemisphere,
whilst maize is aihrmed to be of American origin and to have been unknown
in the Old World before the time of Columbus. This last assertion I have ventured
to dispute, from the fact that travellers have found it in cultivation in various parts

of Asia and Africa before any intercourse had arisen with white men, and because it is

described in the ' Niewe Herball ' published 1578, as Frianentimi Ttircivum or Asia-
ticum.

4th. That there are traces iu America, China, and ancient Egypt of a time,
anterior to the cultivation of cereals, when the aborigines of these countries fed,

as the Pacitic-islanders do now, upon fruits and roots, some of them poisonous, but
rendered wholesome by pounding, maceration, and desiccation, and tliat this primi-
tive state in these countries is couiirmed by the annals of China, by the testimony
of Herodotus, and by American myths.

•5th. That a similarity in the customs, myths, monuments, and religions of China,
Egypt, Peru, and Mexico leads to the conclusion that a cognate pre-Arvan race
introduced the cultivation of the cereals into all these countries, and with them the
v\orship of the Moon as an agricultural deity.

6th. That the absence of agricultural implements from prehistoric discoveries
proves their extreme simplicity, being probably only a pointed stick, which still

forms the sole agricultural implement in many countries, whilst it is not improbable
that some of the stone celts were employed as hoes, and that flint ilakes inserted
in wooden frames served then, as they do now in the East, as harrows and thre,9hing
implements ; and that furrows and ridges seem everywhere to have Ijeeii used in the
cultivation of grain, whilst corn-hills seem to be confined to America, although
used in Africa iu the cultivation of maudioca.

7th. That the traces of primitive agriculture confirm the conclusions of modern
ethnologists as to the early condition, gradual development, and extensive mi-
grations of the human race.

On Belation of Gaelic and English. By Eev. Mi'. Camekon.
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Oil the Pi'ehistoric Names for Man, Monli-y, Lizard, ^r.

Bi/ Hyde C'laeke, M.A.I.

The writer first stated tliat tlie Australians call tlie white luan Wanda, also a

word for spirit, deuiou, or angel. In Afriean languages, Wanduni and Waui are

names for man : the names for man in African and Geutra!-Amer;can languages
interchanged with those for monkey, lizard, frog : of these numerous examples were
given. In jVssyrian monkey is '' udumu,'' which Kev.W. Houghton compares with the

Hebrew Adam as related to the anlliropoid ape. The Aryan Man and Son are found
in ^yrica and the prehistoric world in such relation as all Aryan pre-historic roots

are. There was no separate creation or development of Aryan roots, though there

was a selection, and Sanskrit words may be found among some of the lowest savages

in Africa. This thing is certain, that the Aryan languages were first those of blacks,

as are most of the languages of tlie world, and the words supposed to represent an

Aryan civilization are those of the culture of the earliest bhiclvs and savages. So,

too, as to primitive mythology, in the facts above slated will perh.aps be found the

origin of telem worship and of animal ancestors.

On Hittite, Khitn, I/auiath, C'unaanite, Ltjdi.an, Etrusca)), Pcrtnian,

Mexican, S,-c. Bi/ Hyde Glaiuce, M.A.I.

This paper embraces the author's investigations on that faniih^ and epoch to

which he had given the name of Sumero-Pernvian, but to which the title of Ilittite

had lately been given. Beginning with the Canaanites, the Hittites, kc, he stated

his investigations as to the decipherment of the Ilittite or Hamath inscriptions

and the Canaauite terms in the Bible. This part embraced in copious tables the
parallelism of (Jauaanite town names recorded in Scripture with those of Asia Minor,
pre-IIellenic Greece, Etruria, Italy, Iberian Spain (not Basque), Babylonia, India,

Beru, and Mexico. Applying this evidence again to support the linguistic, the com-
munity of Etruscan with Lydian and Ilittite was affirmed. The earliest culture of

India was assigned to the same family. Adopting the mass of evidence, the lan-

guages and culture of the great kingdoms of America were explained as being of

a like epoch with the '^Hittite," and the phenomena of an arrested culture in

America were accounted for. Thus while there were points of conformity in culture

and mythology, x\merica never shared in tlie highest stages in the Semitic or Aryan
developments. Traces of the tradition of the former communication with the New
A^'orld were illustrated.

On a tSooloo SLuU. Bij Prof. Cleland, F.Ii.S.

Oh the Phoenicians. By C. 0. Groom Napiek.

On the Natives of British Guiana. By W. Haepek.

On the Eastern Picture-writing. By J. Pabk Haeeison.

On the Bodiyas of Ceylon. By Beeteam F. HAKXsnoKXE.

On Homed Men of Alclcm, in Afriai.

By Captain J. S. Hay and Commander Cajieeox, f'.B.
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Oh the Laplanders and People of the North of Europe.

By H, V, HtriCBOLDT v. d. Hokck.

The Classijlcation of Arroiu-heads. By W. J. Knowies.

The author objected to the jiresent classification. One author applies the term
triangular to a slightly' indented type of arrow-head, and indented to a more
deeply indented type, while another includes under the name triangular both
triangular and indented arrow-heads. He .also objected to the term leaf-shape,

as stemmed and indented arrow-heads often closely resemble leaves. He suggested
that " ovate " for broad and short, and " lanceolate " for the narrow and elongated
forms, would be more appropriate type names for the so-called leaf-shape. PIo also

objected to arrow-heads with four straight edges but much more elongated at one
end than the other being classed as lozenge-shaped. This form has often the edges
of the base arched outv/ards and those of the point inclining inwards. He would
include such under the name kite-shape, and apply the term lozenge-shaped onlj' to

those arrow-heads which had four edges of equal length. He would apply the term
triangular only to arrrow-heads having tliree straight edges ; and indented to those
which were indented at the base, whether much or little. Those which had a
central tang or stem, whether barbed or not, he would, to save confusion, include
under the term stemmed. He considers that this arrangement would retain many
of the old terms with which we are familiar, and yet considerably improve matters.
Our classification would then bo stemmed, indented, triangidar, ovate, lanceolate,

lute-shaped, lozenge-shaped ; and if the term leaf-shaped has got too great a hold
to be given up he suggests that it could be retained and ovate and lanceolate dropped
for the present.

Additional ReinarJcs on the Find of Prehistoric Olyccls at Purtsteivart.

By W. J. Knowles.

The author referred to the objects (arrow-heads, scrapers, &c.) which he had
found in pits among sandhills at Portstewart, at the tiufe he brought the matter
before the Belfast meeting in 1874, and stated that the most remarkable find since

that time had been about a dozen very small heads of serpentine, concave on one
side and convex on the other, which probably formed jjart of a necklace that had been
lost, or which had been placed in an urn at the time of an interment. They were
all found within a few yards of the same spot. He also found one of those stones
known as Tilhiiggersteens or oval tool stones ; and from being found with the flict

implements, he argued that it belonged to the Stone Age. He also found bones and
a portion of deei-horn v.'hich had been deeply cut, and he endeavoured to show,
from experiments made by himself on a common beef-bone with a flint flake, that
the cutting had been made by flint tools.

On Bosjes SIcidh. By Dr. Knox.

On the Origin of Instinct. By Rev. J. M'Caxn, D.D.

On the Gaelic Inluibitants of Scotland. By Hector MacLean.

The author gave some of the results of his investigations into the non-Aryan
element of the Gaelic tongue, and argued for the existence in Scotland of one or
more pre-Keltic races, who were gradually kelticized by the Caledonians and other
invaders from the east.
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On- the AnglicizUig and Gaelicizinij of Surnames. Bi/ Hecxok MacLeax.

It was shown tliat tlie value of surnames as tests of race, or of the proportion of

race-elements, in the Scottish Highlands, as well as in Ireland, was much impaired
hy the frequent adoption, both in the middle ages and in recent times, of translated

or of like-sounding surnames reciprocally by the two races in contact with each
other in those countries j and numerous examples were given of such changes, e.[/.

Maclan into Johnson.

Explorailons in the Islands of the Coral Sea, Bi/ Kerry-Nicholls.

Hutives of New Hebrides, Banks, and Santa- Cruz Islands.

Tlie natives inliabiting these islands owe their origin to the same stock from
which the western and southern portion of New Guinea and the islands Wug im-
mediately to the southward of that countr}' appear to have been peopled. This
stock is evidently Papuan, and has by its numerous and widespreading branches
not only extended itself over the islands of the Coral Sea, but as far east as the
Fijis, in which latter country, however, the race has evidently received a strong-

infusion of Malay blood.

It is probable that the islands were inhabited at a very remote period, but at

what era population set in, whether at the first instance it was purely accidental

and subsequently gradual, or whether originally it was undertaken from design and
accelerated at any particular period by political convulsions, cannot at present be

determined, as there is no date on which to rely with confidence. But whatever
opinion may be formed on the identity of the present race, the strilciug resemblance
in person, featm-e, language, and customs which prevails throughout justifies the
conclusion that the original population issued from the same som-ce, and that the
peculiarities and characteristics which distinguish the tribes or communities on
diflerent islands have been mainly brought about by long separation, local circum-
stances, and the intercourse of foreign trades and settlers.

Physically considered these people are a well-built athletic race of savages, who
appear to inherit in a very marked degree all the characteristics of the Papuan
race. The men average about 5 feet inches in height, are erect in figure, with
broad chests and massive limbs, which in many instances display great muscular
development. The colour of the skin is usually of a dark reddish brown, but some-
times it is quite black, and is often covered with short curly hair, especially about
the breast, back, and shoulders. They have large well-formed heads, the facial

angle is about 4G°, while the cranium in the majority of instances betokens a fair

degree of mental development. The features are usually regular in form, the fore-

head high and massive, with a considerable prominency in the region of the frontal

bone ; the nose is mostly flat, but iu some instances aquiline, the nostrils wide, the
mouth large and firm; the lips well cut and slightly full; the teeth square, strongly

set and very white and even ; while the eye, large, of a dark brown colour and
shaded by long lashes, is not too deeply set and is quick and penetrating in its

glance.

The hai:', which forms one of the most remarkable featm-es of this race, is dis-

tributed thickly over the head in the form of small spiral cm-Is, and when allowed
to grow in its natural way has a woolly appearance, and resembles at first "lance

that of the African negTO ; but it is in reality much finer and softer. The beai-d,

which is of the same crisp curly nature as the hair, is worn short. In the northern

islands the men go completely naked, but in the southern islands, where the climate

is slightly cooler, they affect a scant covering about the loins. They are fond of

decorating the head with flowers and feathers and of tattooing the face with red

and blue pigments, which imparts to them a savage and ferocious look. The form
of tattooing, however, varies much upon diflerent islands, and seems to serve as a

distinctive mark among the various tribes inhabiting them. On the island of

Tana the natives tattoo each cheek with big patches of red pigment, and wear- blue

streaks under the eves and across the forehead. On the other islands various forms
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of tattooing prevail ; but iu Banks' group, wliere there appears to have been at

some time or other an admixture of Malay blood, a totally different kind of tattoo-

ing obtains from that of the islands of the southward. Here the bodies, especially

of the -women, are often eon.ipletely covered with tattoo marks representing lace-

work of the most artistic design. This style of tattooing is often extended so as

to cover the body entirely from the feet, over the face, and even to the very roots

of the hair. This mode of decoration is performed by puncturing the sldn with a

sharp bamboo instrument something like a comb, and then rubbing in a blue liquid

dj'e obtained from the juice of a plant common upon the islands. All the islanders

are very fond of showy ornaments in the shape of necklaces made of beads and

coloured shells. They have the septum of the nose pierced, as likewise the lobes

of the ears, into which are thrust all kinds of decorations. The features of the

women are much flatter than those of the men, and they are in stature considerably

shorter ; there are, however, many marked exceptions to this rule. Their limbs

are round and well turned, but the long pendulous breasts of the married womeii
detract greatly from their otherwise symmetrical proportions. Their only dress is

a short covering made of the plaited filaments of the plantain-leaf, or simply of

native grass attached to a cord round the waist ; but this primitive costume varies

j^reatly on different islands. I met with two Albinoes,—one a man, on the island of

Esperitu Santo ; the other was a woman, whom I fell iu with when crossing the

island of Vanu Luva. In a^jpearance they were both very ugly ; the latter was
exceedingljf stout, and her skin, of a pinkish-white colour, was speckled all over

with dark red spots about the size of peas, while she had pink eyes, A-ery weak and
inflamed, and light sandy-coloured hair.

All things considered, the physical condition of the islanders does not appear to

manifest anj' sign of degeneration. As a rule the natives inhabiting the various

islands appear to be healthy and vigorous. The prevailing diseases are dysenteiy,

fever, and ague, chronic rheumatism, scorbutic affections, ophthalmia, and elephan-

tiasis. They seem to have little or no notion of medical skill, but place great faith

iu charms and incantations for the cure of the diseases from which they suffer.

In tracing the distiibution of the several races inhabiting the Pacific Islands a

marked difference is observable in the construction and decoration of the various

implements of war and the canoes employed by the natives on various islands.

The war implements of the Malays are remarkable for ue;itness of construction, skil-

ful carving, and various other artistic decorations ; while their canoes are lightly

built, tastefully painted, and inlaid with pearl shell about the prow, which is usually

curiously ^ar^ed. These canoes are often capable of carrving from fifty to sixty

men. On the other hand, among the Papuans their war implements are mostly

very rude in construction, and there is far less of the decorative art displayed in

their manufactme. Their canoes likewise, although large, can lay no claim to

artistic design, while on some islands they assume the most primitive form, being

made simplj' from huge logs liollowed out by fire. Dut even the Papuans them-
selves show a variety of design iu the construction of their weapons, and which
varies tipon different islands. On the island of Tana tlie war-club, a favourite

weapon, is very heavy, and requires to bo wielded with both hands. Many of the.se

clubs are highly polished, but the carving about them is of the simplest design.

On the island of Erromango the spears are made entirely of wood, the points being

neatly carved and barbed. The natives of this island also use a weapon of oval

shape, in form not unlike the paddle of a canoe, the edges of which are hardened

by tire and made very sharp. On the island of Esperitu Santo the spears are usually

of great length, often as much as from 10 to 12 feet; the heads of them are

made of human thigh-bone, sharply pointed and barbed, while all are poisoned.

The chiefs of this island, when in full war-costume, wear human jawbones around
the left wrist, and carry one of these long spears with three prongs to it and sharp

needle-like points of bone coming a considerable distance down the shaft. These
spears are highly prized as emblems of chieftainship, and are handed down as heir-

looms from one chief to another. The bows are often of great power ; and on the

Santa-Cruz Islands, where Bishop Patteson and Commodore Goodenough were
murdered, they are all from 8 to 10 feet long, the arrows being as much as 4 feet

in length. On all the islands the arrows are tipped with human bone, and are



TRANSACTIONS OP THE SECTIONS. 169

carefully barbed and poisoned, a scratch from ouo of them being sufticieut to cause

death.

Oa an Urn from CJuuUeiffJi, Devon. Bij W. Pkxgelly, F.R.S.

In February 187G, some workmen, digging- a pit in a field on the property

of Mr. W. Brodrick, near Ohudleigh, in Uevousbire, discovered an nru two feet

below the surface. The urn was unfortunately broken by the workmen's tools before

it was seen ; but Mr. Brodrick, who was immediately called, found its base intact

and in situ., with fragments of bone and bits of charcoal lying on it undisturbed.

Efforts were made to preserve the integrity of the bottom, but utterly failed, and

the urn is now simply a heap of about 70 small fragments. It is obvious, however,

that its base was ellipsoidal, and measured about 7x4'5 inches. Mi-. Franks is of

opinion that there is no reason to doubt that the urn is Eomau, and perhaps made in

this country. ^Ir. Busk and Mr. Flower say there is no suspicion of the bones

being human, but that the)' think them, without doubt, those of goat or sheep,

with the possible exception of a fragment of a tibia.

On Relics of Totsmism in Scotland in Historic Times. By J. S. Phene.

On the Arthurian Apple and the Serpent of the Ancients. Bij J. S, PuENi.

On Birjht-handedness. By James Shaw.

On the Mental Progress of Animals during the Human Period

By James Shaw.

On two Sl'uUs from the Andaman Islands. By Dr. Allen Thomsox, F.R.S.

GEOGRAPHY.

A'Idress hy F. J. V.xx^.i, C.B., F.R.S., Capt-nn R.N., President of the

Section.

Two events notable in the annals of Geograplii{>al Science have lo be recorded
since the last meeting of the British Association ; and these events, as bearing
materially on the advancement of our knowledge of geography, are deserving the
special commendation of tliis Section. 1 refer to the successful issue of Cameron's
land journey across the tropical regions of Southern Africa, and to the successful

completion of the sea voyage of the 'Challenger'— a voj'age which in its scope

included the circumnavigation of the globe, the traver.-~ing the several oceans
between the 50th parallel of North -latitude and the ani.irctic circle, and the
exploration throughout, by the medium of the sounding-line and dredge, of the
contour-features, the formation, and the animal life of the great oceanic lied.
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The general results of the notable African land journey have already, through our

parent Society in London, been brought largely under public review ; and at our

present meeting mauy details of interest -will be placed oefore you by the intrepid

traveller himself. The courage, perseverance, and patient attention to the records

of this long travel have been dwelt on by our highest geographical authorities

;

and so far it might appear superfluous to join in praise from this chair; neverthe-

less it is to that part of the proceedings of Cameron, the unvarying attention and
care he bestowed on instrumental observations in order to give those proceedings

a secure scientific basis, to which I would direct your attention as being of a high

order of merit.

With this example before us, remembering the country and climate in which
such unremitting labours were carried out, distinction to the future explorer can-

not rest on the mere rendering of estimated topographical details, but can alone be

fully merited when those details are verified b}' instrumental observations of an

order sufficient to place numerically before geographers the physical features and
characteristics of the explored region.

Turning now from the results of the land journey of Cameron to those of the sea

voyage of the ' Challenger,' we are again reminded of the value of repeated and
methodically arranged instrumental observations in geographical research. With
our present knowledge of the sea-board regions of the globe, little remains, except

in polar areas, for the navigator to do in the field of discovery, or even of explo-

ration, otherwise than in those details rendered necessary by the requirements of

trade or special industries. It is to the development of the scientific features of

geogi-aphy that the attention of voyagers requires to be now mainly directed ; and

in this there is an illimitable field. The great advance in this direction resulting

from tlie two leading events of the past year, to which I have referred, fore-

shadows the geographical research of the future.

Communications of special value from some of tliose voyagers whose good
fortune it was to leave and return to their native land in the ship ' Challenger

'

will doubtless be made to this and other Sections. I trust nevertheless, as one

officially interested in the expedition from its inception, and as having in early

days been engaged in liiudred work, and also, as I hope, without being considered

to have trespassed on the scientific territories of these gentlemen (ground indeed

so well earned), this meeting will view with indulgence my having selected as

the leading theme of my address to it a review of that branch of our science now
commonly known as the " Physical Geography of the Sea,'' combined with such

suggestive matter as has presented itself to me whilst engaged in following up the

proceedings of this remarkable voyage.

It has been well observed that " contact with the ocean has unquestionably

exercised a beneficial influence on the cultivation of the intellect and formation of

the character of many nations, on the multiplication of those bonds which shoidd

imite the whole human race, on the first knowledge of the true form of the earth,

and on the pursuit of astronomj' and of all the mathematical and physical sciences."

The subject is thus not an ignoble one ; and, further, it appears to me appropriate,

assembled as we are in the commercial metropolis of Scotland, from among whose
citizens some of the most valuable scientific investig.ations bearing on the art of

navigation have proceeded.

As a prefatory remarlv, I would observe that the distinctive appellation " Physical

Geography of the Sea " is due to the accomplished geographer Humboldt ; it is

somewhat indefinite though comprehensive, and implies that branches of science

not strictly pertaining to geography as commonly imderstood are im-aded. But
this intrusion or overlapping of scientific boundaries is inevitable with the expan-

sion of knowledge : and it is difficult to see how the term can be wisely amended,
or how the several included branches of physics can be separated from pure

geooTaphical science.

We are indebted in our generation to the genius and untiring energy of Maury,
aided originally by the liberal support of his Government, for placing before us, in

the twofold interests of science and commerce, an abundant store of observed facts

in this field, accompanied too by those broad generalizations which, written with

a ready pen and the fervoiu- of an enthusiast gifted with a poetic temperament.
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have chavmed so many readers, and in their practical bearings have uudouhtedly
advanced the practice of navigation.
In our admiration, however, of modern progress we must not in justice pass by

withoiit recognition the labours of earlier workers in the same field. So early as
the middle of the seventeenth century we find, in Holland, Barnard Vanerius
describing with commendable accuracy the direction of the greater currents of the
Atlantic Ocean and their dependence on prevailing winds—the unequal saltness
of the sea, the diversity of temperature, as tlie causes of the direction of the winds—
and also speculating on the depths of the sea. Vanerius's geographical writings
were highly appreciated by Newton ; and editions were prepared at Cambrid''^e
under the supervision of that great man in 1672 and 1081.

"

_
To Dampier, the seaman, and Halley, the philosopher, we owe graphic descrip-

tions of the trade-winds as derived from personal experience ; wliile their causes
were investigated by lladley, and the conclusion he arrived at, that they were
due to the combined eftocts of the diurnal revolution of the earth on its axis and
the unequal distribution of heat over diflerent parts of the earth's surface, in
substance still remains unchallenged.
To Eennell we owe a masterly investigation of the currents of the Atlantic

Ocean, an investigation which for precision and a thorough conception of the con-
ditions affecting the subject will long serve as a model for imitation. His period
covered some thirty or forty years during the end of the last and the beginning of
the present century. At that epoch chronometers, though very efficient, had
scarcely passed the stage of trial, but had nevertheless commended themselves to
the first navigators of the day, whose aim it was to narrowly watch and test
this, to them, marvellous acquisition. Eennell thus commanded nautical observa-
tions of a high order of merit ; these he individually verified, both for determining
the ship's position absolutely and relatively to tlie course pursued ; and our know-
ledge of surface-currents was established on the secure basis of differential results
obtained at short intervals, such as a day or parts of a day, instead of the previous
rude estimation fl-om a ship's reckoning extending over a whole vovage, or its
greater part.

At a later date we have, by Eedfield, Eeed, Thom, and others, solidly practical
investigations of the gyratory and at the same time bodily progressive movements
of those fierce_ and violent storms which, generated in tropical zones, traverse
extensive districts of the ocean, not unfrequently devastating the narrow belt of
land comprised in their track, and on the sea baiffling all the care and skill of the
seaman to preserve his ship scatliless ; while the clear and elegant exposition by
Dove of their law and its application as one common general principle to the
ordinary movements of the atmosphere must commend itself as one of the achieve-
ments of modern science.

While for the moment in the aerial regions, we must not forget the industry
and scientific penetration of the present excellent secretary of the Scottish
Meteorological Society. His more recent development of the several areas of
barometric pressure, both oceanic and continental, bids fair to amend and enlarge
our conceptions of the circulation of both the aerial and liquid coverino-s of our
planet.

°

Looking, then, from our immediate stand-point, on the extent of our Imowledge
(as confinnedby observational facts) of the several branches of phvsics pertaining to
the geography of the sea, just rapidly reviewed, we find that, resulting from ''the
methodical gathering up of "ocean statistics " by our own and other maritime
nations, in the manner shadowed forth by Maury and stamped by Ihe Brussels
Conference of 1853, we are in possession of a goodly array of broad but neverthe-
less sound results. The average seasonal limits of the trade-winds and monsoons,
with the areas traversed by circular storms, are known, also the general linear
direction and varying rates of motion of the several ocean currents and streams,
together with the diflused values of air and sea-surface temperatiues, the areas of
uniform barometric pressure, and the prevalent winds, over the navigable parts of
the globe.

Thus far the practical advantages that have accrued to the art of navigation
(and so directly aiding commerce) by the gradual diffusion of this knowledge,
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through the medium of g-raphical reuderiug on charts auil concise textual descrip-

tions, cannot he overrated ; still much is wanting in fulness and precision of detail,

especially in those distant but limited regions more receutlj^ opened out by expand-

ing trade. Science views, too, with increasing interest these advances in our

knowledge of ocean pliysics, as bearing materially on the grand economy of nature :

essays, brilliant and almost exhaustive on some of its subjects, have been given to

us by eminent men of our own day ; but here one is reminded, by the diversity in

the rendering of facts, how much remains to be done in their correlation, and
what an extensive and still expanding held is before us.

The dawning eflbrts of science to pass beyond the immediate practical require-

ments of the navigator are worthy of note. "We find—from an admirable paper

On the "Temperatures of the Sea at different Depths,'' by Mr. Prestwich, j ust

published in the Philosophical Transactions—that in the middle of last century

the subject of deep-sea temperatures first began to attract attention, and ther-

mometers for the pm'pose were devised ; but it was not till the early part of the

present century that the curiosity of seamen appears to have been generally

awakened to know more of the ocean than could be gleaned on its surface. John
Ross, when in the Arctic seas in 1818, caught glimpses of animal life at the depth

of 6000 feet ; other navigators succeeded in obtaining the temperatm'e of succes-

.sive layers of water to depths exceeding GOOO feet ; but, so far as I can ascertain,

James Ross was, in 1840, the first to record beyond doubt that bottom had been

reached, " deeper than did ever plummet sound," at lfi,OGO feet, westward of the

Cape of Good Hope
The impetus to deep-sea exploration, however, was given by the demand for

electrical telegraphic communication between coimtries severed by the ocean or by
impracticable land routes ; and the past twenty years marks its steady growth.

Appliances for reaching the bottom with celerity, for bringing up its water, for

bringing up its formation, for registering its thermal condition in situ, have
steadily improved ; and thus the several oceans were examined both over present

and prospective telegraph-routes. Science, aroused by the consideration that vast

fields for biological research were opening up—as proved by the returns, prolific

with living and dead animal matter, rendered by the comparatively puny appliances

originally used for bringing up the sea-bottom—invoked, as beyond the reach of

private enterprise, the aid of Government. Wiseh", earnestly, and munificently

was the appeal responded to ; and thus the ' Challenger ' expedition has become
the culminating effort of our own day.

AVe have now reached, in all probability, a new" starting-point in reference to

many of our conceptions of the physics of the globe ; and om- own special branch may
not be the least affected. There is opened up to us, for example, as fair a general

knowledge of the depression of the bed of large oceanic areas below the sea-level,

as of the elevation of the lauds of adjacent continents above that universal zero-line.

We learn for the first time by the ' Challenger's ' results—ably supplementijd a.s

they have recently been by the action of the U.S. Government in the Pacific, and
by an admirable series of soundings made in the exploratory German ship of war
' Gazelle '—that the unbroken range of ocean in the southern hemisphere is mucli
shallower than the northern seas, that it has no features approaching in character

those grand abyssal depths of 27,OCO and 23,.500 feet found respectively in the

North Pacific and North Atlantic Oceauo, as the greatest reliable depths recorded

do not exceed 17,000 or 1 TfiOO feet.

The general surface of the sea-bed jjresents in general to the eje, when graphi-

cally rendered on charts by contour lines of equal soundings, extensive plateaux

varied with the gentlest of undulation?. There is diversity of feature in the

western Pacific Ocean, where, in the large area occupied by the many groups of

coral islands, their interA-ening seas are cut up into deep basins or hollows, some
1-5,000 some 20,000 feet deep. In the northern oceans one is struck with the fact

that the profouuder depths in the Pacific occupy a relative place in that ocean with
those found in Ib.e .itlantic. Eoth abyssal areas have this too in common : the

maximum depths r.ie near the land ; tlie sea-surface temperature has the maximum
degree of heat in either ocean ; and two of the most remarkable ocean streams

CFlovida-Gulf and Japan) partially encompass them.
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In the Atlantic Oceau, from a high southern latitude a broad channel, with not
less than some 12,000 to 15,000 feet, can be traced as extending nearly to the

entrance of Davis Strait ; a dividing undulating ridge of far less depression, on
which stand the islands of Tristan d'Acunha, St. Helena and Ascension, separates

this, which may be named the western channel, from a similar one running parallel

to the South-African continent, and which extends to the parallel of the British

Islands. It is possible that certain tidal and, indeed, climatic conditions peculiar

to the shores of the North Atlantic may be traced to this bottom conformation,

which carries its deep, canal-like character into Davis Strait, and between Green-
land, Iceland, and Spitzbergen, certainly to the 80th parallel.

There is, however, one great feature common to all oceans, and which may have
some significance in the consideration of ocean circulation, and as affecting the
genesis aud translation of the great tidal wave and other tidal phenomena, of
which we know so little—namely, that the fringe of the seaboard of the gTeat con-

tinents and islands, from the depth of a few huncbed feet below the sea-level, is,

as a rule, abruptly precipitous to depths of 10,000 and 12,000 feet. This grand
escarpment is typicall}^ illustrated at the entrance of the Eritish Channel, where
the distance between a depth of 600 feet and 12,000 feet is in places only ten

miles. Imagination can scarcely realize the stupendous marginal featm-es of this

common siirface-depression.

Vast in extent as are these depressed regions—for we must recollect that they
occupy an area three times as gTeat as the dry land of the globe, and that a

temperatm-e just above the freezing-point of Fahrenheit prevails in the dense liquid

layers covering them—life is sustained even in the most depressed and coldest

parts ; while in those areas equivalent in depression below the sea-level to the ele-

vation of European Alpine regions above it animal life abundantly prevails ; structural

forms complicated in arrangement, elegant in appearance, and often lively in colour

clothe extensive districts ; other regions apparently form the sepulchral resting-

place of organisms which when living existed near the surface, their skeletons, as

it has been gi'aphically put, thus "raining down in one continuous shower through
the intervening miles of sea water." Geological formations, stamped with the

permanency of ages, common to us denizens of the dry land, appear, too, in these

regions to be in course of evolution ; forces involving the formation of mineral

concretions on a grand scale are at work ; life is abundant everywhere in the sur-

face and sub-surface waters of the oceans ; in fine, life and death, reproduction and
decay, are active in whatever depths have been attained.

As a question of surpassing interest in the great scheme of nature, the economy
of Ocean Circulation, atiecting as it does the climatic conditions of countries, has

of late attracted attention. The general facts of this circulation in relation to

climate have been thus tersely summarized :
" Cold climates follow polar waters

towards the equator ; warm climates fullow warm equatorial streams towards the

poles." We can all appreciate the geniality of our own climate, eepecially on the

western shores of the kingdom, as compared with the Arctic climate of the shores

of Labrador, situated on the same parallels of latitude, or indeed with the vigorous

winter climate of the adjacent North-American seaboard, even ten degrees further

to the south. These, and liindred features in other parts of tlie globe, have led to

the summarized generalization I have just referred to; but the iHitionale of these

movements of the waters is by no means assured to us.

That ocean currents were due primarily to the trade and other prevailing winds,

was the received opinion from the earliest investigation made by navigators of the

constant surface-movement of the sea. Rennell's views are thus clearlj'' stated :

—

" The winds are to be regarded as the prime movers of the currents of the ocean
;

and of this agency the trade-winds and monsoons ha^e by far the greatest share,

not only in operating on the larger half of the whole extent of the circumambient

ocean, iDut as possessing greater power by their constancy and elevation to generate

and perpetuate currents;" . . .
" next to these, in degree, are the most pre-

valent winds, such as the westerly winds beyond, or to the north and south of, the

region of trade winds."

Mauiy, so far as I am aware, was the first to record his dissent from these

generally received views of surface-currents being due to the impulse of tha winds,
^ 1876. 16
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and assigned to diflerences of specific gravity, combined with the earth's rotation

on its axis, tlie movement of the Gulf-stream and other well-defined ocean

currents.

A writer of the present time, gifted with high inductive reasoning powers, and
with observed facts before him in wide extension of those investigated by Rennell,

regards the various ocean currents as members of one grand sj'stem of circulation,

3iot produced by tlie trade-winds alone, nor by the prevailing winds proper alone,

but by the continued action of all the prevailing winds of the globe regarded as

one system of circulation ; and, without exception, he tinds the direction of

the main currents of the globe to agree exactly with the direction of the prevailing

winds.
Another writer of the present day, distinguished for intellectual power, and

who personally' has devoted much time in the acquisition of exact ph3'sical facts

bearing on the question both in the ocean near our own shores and in the Mediter-

ranean sea, without denjdug the agency of the winds, so far as surface-drifts are

concerned, considers that general Ocean Circulation is dependent on thermal agency

alone, resulting in the movement of a deep stratum of polar waters to the equator,

and the movement of an upper stratum from the equator towards the poles, the
" disturbance of hydrostatic equilibrium " being produced by the increase of density

occasioned by polar cold and the reduction of densit}' occasioned by equatorial

heat—and that polar cold rather than equatorial heat is t\ie primum mobile of the

circulation. Analogous views had also been entertained by Continental physicists

from sea-temperature results obtained in Russian and French voyages of research

in the early part of this century.

We have here presented to us two distinct conceptions of Ocean Circulation

—

the one to a great extent confined to the surface and horizontal in its movements,
the other, vertical, extending from the ocean surface to its bed, and involving, as a

consequence, "that every drop of water will thus [except in confined seas] bo
brought up from its gi-eatest depths to the surface."

With these several hypotheses before us, it may be fairly considered that the

problem of "Ocean Circulation " is still unsolved. Possibly, too, the real solution

may require the consideration of phj'sical causes beyond those which have been
hitherto accepted. In attempting the solution, it appears to me impossible to deny
that the agency of the winds is most active in bringing about great movements of

the surface-waters, the effects of the opposite monsoons in the India and China
seas furnishing corroborative proof. Again, the remarkable thermal condition of

the lower stratum of the water in enclosed seas, as the Mediterranean, and in those

basin-like areas of the Western Pacific cut off by encircling submarine ridges from
the sources of polar supplies, combined with the equallj' remarkable condition of

cold water from a polar source flowing side by side or interlacing with warm water
from equatorial regions, as in the action of the Ijabrador and Gulf-streams, points

to the hypothesis of a vertical circulation as also commanding respect.

The time may be considered, however, to have now arrived for gathering up the
many threads of information at our disposal, and by fresh combinations to enlarge
at least our conceptions, even if we fail in satisfying all the conditions of solution.

To this task I will briefl}' address myself.

A grand feature in terrestrial physics, and one which I apprehend bears directly

on the subject before us, is that producing ice-movement in the Antarctic seas.

We know from the experience gained in ships (which, to shorten the passages to and
from this country, Australia, andNew Zealand, have followed the great-circle route,
and thus attained high southern latitudes) that vast tracts of ice from time to time
become disrupted from the fringe of southern lands. Reliable accounts have reached
us of vessels frequently running down several degrees of longitude sadly hampered
by meeting islands of ice, and especially of one ship being constantly'sm-rounded
with icebergs in the corresponding latitudes to those of London and Liverpool,
extending nearly the whole distance between the meridians of New Zealand and
Cape Horn ; indeed, accumulated records point to the conclusion that, on the vvhole
circumference of the globe south of the 60th parallel, icebergs, scattered more or
less, may be constantly fallen in with during the soulhem summer.
The Antarctic voyages of D'Urville, AVilkes, and James Ross asturo us of the
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origin and character of tlicsc ice-niasscs -wliich dot the southern seas. Each of
these voyagers was opposed in his progress southward (U'Ur^ille and Willies
on the G5th parallel, Ross on the 77th) by barrier-cliffs of ice. lloss traced this

barrier 250 miles in one unbroken line : he describes it as one continuous pei-peu-

dicular wall of ice, 200 to 100 feet high above the sea, with an unvarying level

outline, and probably more than 1000 feet thick—" a mighty and wonderful object."

Ross did not consider this ice-barrier as resting on the ground ; for there were
soundings in 2500 feet a few miles from the clitts ; Wilkes also sounded in over
5000 feet only a short distance from the barrier.

There is singular accord in the descriptive accounts by Wilkes and Ross of this

ice-region; they both dwell on the differences in character of Antarctic from
Arctic ice-formation, on the tabular form of the upper surface of the floating ice-

bergs and their striated appearance, on the extreme severity of the climate in

mid-summer, on the low barometric pressure experienced, and express equal
wonderment at the stupendous forces necessary to break awaj^ the face of these vast

ice barriers, and the atmospheric causes necessary for their reproduction.

From the drift of this disrupted ice we have fair evidence of a great bodily move-
ment of the waters northward ; for it must be remembered that icebergs have been
fallen in with in the entire circumference of the southern seas, and that they
are pushed in the South Atlantic Ocean as far as the 40th parallel of latitude, in

the South Indian to the 45th parallel, and in the South Pacific to the SOtli

parallel.

In the discussion of Ocean Circulation, it has been assumed that water flows

from Equatorial into Antarctic areas ; there is no evidence, so fiir as I am aware,
that warm surface-water in the sense implied is found south of the 45th parallel.

Surface stream movement northward and eastward appears to be that generally

experienced in the zone between the Antarctic circle and that parallel. AVith, then,

this great bodily movement northward of Antarctic waters included certainly

between the surf^ice and the base, or nearly so, of these tabular icebergs (and thus
representing a stratum certainlj' some thousand feet in thickness), the question

ai'ises, How and whence does the supply come to fill the created void ? Sir

Wyvillo Thomson, the leader of the ' Challenger ' scientific staff", in one of the

later cf the many able reports he has forwarded to the Admiralty, furnishes, I

think, a reasonable answer. Stating first his views as derived from study of the
bottom-temperature of the Pacific Ocean generally, he writes :

—

" We can scarcely

doubt that, like the similar mass of cold bottom-water in the Atlantic, the bottom-
water of the Pacific is an extremely slow indraught from the Southern Sea." He
then gives the reason, " I am every day more fully satisfied that this influx of cold

water into the Pacific and Atlantic Oceans from the southward is to be referred to

the simplest and most obvious of all canses, the excess of evaporation over precipi-

tation of the land-hemisphere, and the excess of precipitation over evaporation in

the middle and southern parts of the water-hemisphere."
Before following up the great northward movement of Antarctic waters,! would

draw attention to a physical feature in connexion with tidal movements, which
possibly may be one of the many links in the chain of causes affecting Ocean
Circulation. The mean tide-level (or that imaginary point equidistant from the

high- and low-water marks as observed throughout a whole lunation) has been
assumed as an irnariable quantity ; our Ordnance Survey adopts it as the zero

from which all elevations are given, the f/«^(»?i /eiW for Great Britain being the level

of mean tide at Liverpool. For practical piirposes, at least on our own shores,

this mean sea-level may be considered invariable, although recent investigations

of the tides at Liverpool and Ramsgate indicate changes in it to the extent of a

few inches, wJiich changes are embraced in an annual period, attaining the

maximum height in the later months of the year: these have been assumed as

possibljr due to meteorological rather than to the astronomical causes involved by
tidal theory.

From an examination of some tidal observations recently made near the mouth
of Swan River, in Western Australia, during the progress of the Admiralty survey
of that coast, there appears to me evidence that in this locality—open, it will bo

remembered, to the wide southern seas—the sea-level -waries appreciably during
16* '
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the year : thus the greatest daily tidal range in auy month yery rarely exceeds 3

feet ; but the high- and low-v/ater marks range dm-ing the year 5 feet. The higher

level is attained in June, and exceeds the lower level, which is reached in

November, by one foot or more. At Esquimalt in Vancouver Island, fairly open to

the North Pacific Ocean, there are indications of the sea-level being higher in

January than it is in June ; and a distinct excess of the mean level of the tide by
several' inches in December and Januarj^ as compared Avith the summer months,

was traced by the late Captain Beechey, E.N., at Holyhead (see Phil. Trans. 1848).

If this surface-osciUation is a general oceanic feature (and some further proofs in-

directly appear in the Reports of the Tidal Committee to this Association for 1868,

1870, 1872, to which I have just referred ; for mention is also made of a large annual

tide of over three inches, reaching its maximum in August, having been observed

at Cat Island, in the Gulf of Mexico), we may have to recognize this physical

condition—that the waters of the southern hemisphere attain a high level at the

period of the year when the sun is to the north of the equator, and that the

northern waters are highest at the period when the sun is to the south of the

equator. This is a question of so much interest that I propose again to revert to it.

Variations in the sea-level have been observed, notably in the central parts of

the Red Sea, where the surface-water, as shown by the exposure of coral reefs, is

said to be fully two feet lower in the simimer months than in the opposite season
;

these difl'ereuces of level are conmionly assigned to the action of the winds.

Renuell, in his Investigation of the Currents of the Atlantic Ocean, states, on

what would appear reliable authority, that on the African Guinea coast the level

of the sea is higher by at least six feet perpendicular in the season of the strong

S.W, and southerly winds (which winds blow obliquely into the Bay of Benin
between April and September, the rainy season also) than during the more serene

weather of the opposite season—the proof being that the tides ebb and flow

regularly in the several rivers during the period of strong S.W. winds, but that in

the other season the same rivers run ebb constantly, the level of the sea being

then too low to allow the tide-waters to enter the mouths of the rivers. It is

possible that the cause, here and elsewhere, may in part be cosmical, and neither

meteorological nor astronomical in a tidal sense.

These several facts in relation to the variations in level of the surface of the

ocean are interesting, and point to new fields of observation and research.

Another physical feature connected \^^th the ocean-level is deserving considera-

tion ; I refer to the effect of the pressure of the atmosphere. On good authority

we know that the height of high water in the English Channel varies inversely as

the height of the barometer; the late Sir John Lubbock laid it down as a rule

that a rise of one inch in the barometer causes a depression in the height of high
water amounting to seven inches at London and to eleven inches at Liverpool.

Sir James Ross, when at Port Leopold in the Arctic seas, found that a difference of

pressure of •608 of an inch in the barometer produced a difference of 9 inches in

the mean level of the sea, the greatest pressure corresponding to the lowest level.

These results appeared to him to indicate " that the ocean is a water-barometer on
a vast scale of magnificence, and that the level of its surface is disturbed by every

variation of atmospheric pressure inversety as the mercm-y in the barometer, and
exactly in the ratio of the relative specific gravities of the water and the mercury."

When we consider the exceptionally low barometric pressure prevailing in the

southern seas, and the comparatively low pressure of the equatorial ocean-zones

as compared with the areas of high pressure in the oceans north and south of the

equator (the latter features a late development by Mr. Buchan), these characteristic

conditions of atmospheric pressiives cannot exist without presumably affecting the

surface-conditions of adjacent waters.

There is yet one more point in connexion with the ocean-circulation which I

venture to think has not received the attention it demands ; this is, the economy of

those currents known as " counter-equatorial." Their limits are now fairly ascer-

tained, and are foimd to be confined to a narrow zone ; they run in a direction

directly opposite to, and yet side by side with, the equatorial streams of both the
Atlantic and Pacific oceans. We know that they run at times with great velocity

(the 'Challenger' experienced fifty miles in a day in the Pacific Ocean), and occasion-
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ally in the face of the trade-wind—and that they are not merely local, stretching

as 'they do across the wide extent of the Pacific, and in the Atlantic, during the

summer months of our hemisphere, extending nearly across from the Guinea coast

to the "West-India Islands. They have, too, this significant feature, that their narrow

zone is confined to the northern side almie of the great west-going equatorial cun-ents

;

this zone is approximately hetween the parallels of 7° and 10° N., and thus cor-

responds with the belt of greatest atmospherical heat on the earth's surface.

That the functions of the countercurrents in the physics of the ocean are im-

portant, must, I think, be conceded. They appear to act on their eastern limits as

feeders to the equatorial currents, and, from the seasonal expansion, which has

been well traced in the Atlantic, are probably more immediately associated with

some oscillatory morement of the waters following, though perhaps only remotely

connected with, the srm's moTements in declination.

A brief summary of the thermal conditions of the oceanic basins will now enable

lis to review the salient features of Ocean Circulation, and the more immediate

scientific position the question has assumed.

In all seas within the ton-id and temperate zones, providedany given area is not

cut off by submarine barriers from a supply of polar or glacial water, the sea-bed

is covered by a thick stratum of water 'the temperature of which is confined

between 32° and 35° F. In the Pacific Ocean this cold stratum must be derived

from antarctic sources, for the opening of Behriug Strait is too small to admitof

an appreciable efUux of arctic waters. In this ocean the cold stratum obtains

generally at depths below 9000 feet from the surface, with an almost invariable

isothermal line of 40° F. at from 2500 to 3000 feet from the surface. Similarly,

in the Indian-Ocean basin the cold stratum at the bottom is derived from

antarctic sources ; for the temperatm-e of 33°-5 F. underlies the hot surface-waters

of the Arabian Gulf
In the South Atlantic, antarctic waters, with a bottom-temperature of 31° to

33°-5F., certainly cross the equator: the bed of the North-Atlantic basin then

warms up to 35° ;' marked diversities in both the temperatures and thickness of

the successive layers of water fi-om the surface downwards are found ;
and in the

central parts of the basin it is not until the vicinity of the Faroe Islands is reached

that arctic waters of an equivalent temperature to those from antarctic sources

are experienced.

Tm-ning now to the scientific aspect of the question :

—

The doctrine of a general Oceanic Tliermal Circulation assumes two general pro-

positions :—1, the existence of a deep under-flow of glacial water from each pole to

the equator ; and, 2, the movement of the upper stratum of oceanic water from the

equatorial region towards each pole, as the necessary complement of the deep polar

rmder-flow—this double movement being dependent "upon the distm-bance of

hydrostatic equilibrium, constantly maintained by polar cold and equatorial

heat."

Proposition 2, in its general application as to the movement of surface-waters,

is unquestionable ; but that of a deep under-flow from the poles, as a necessary

complement, remains open to doubt. Proposition 1, in its wide generality, must,

from what we know of the Pacific, be confined to the Atlantic Ocean; audit

appears to me that it is on the interpretation of the movement of the waters in its

northern basin that the hypothesis of a vertical circulation, and the potency of

thermal agency in bringing it about, must be judged.

"We have followed the movements of antarctic waters in the Atlantic to the

40th parallel, as illustrated by the progress of icebergs ; we know that the move-

ment deflects the strong Agulhas current, and that the cold waters well up on the

western shore of the South-African continent, cooling the equatorial current near

its presumed source ; the thrusting power of this body of water is therefore great.

About the equator it rises comparatively near to tlie surface. But we now come

to another and distinct movement, the equatorial cm-rent ; and on this, I appre-

hend, the material agency of the winds cannot be denied, in forcing an enormous
^^ mass of siu'face-water from east to west across the ocean. The Gulf-stream re-

sults ; and the comparative powers of this stream, as especially influencing the

climate of our own and neighbouring countries, together with the forces at work
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to propel its warm waters across the Atlantic, have become the controversial field

for the upliolders of horizontal and vertical circulation. The one hj'pothesis as-

signs to the Gulf-stream all the beneficent power of its genial warmth, extend-

ing even beyond the North Cape of Europe, which has been conceded to it from
the time of Franklin. The other hypothesis reduces its capacity and power, con-

siders that it is disintegrated in mid-Atlantic, and tliat the modified climate we
enjoy is brought by prevailing winds from the warm area surrounding the stream

;

and to this has been more recently added, '• by the heating-power of a warm sub-

surface stratum, whose slow northward movement arises from a constantly re-

newed disturbance of thermal equilibrium between the polar and equatorial portions

of the oceanic area."

Without denying the active power of tliis disturbed thermal equilibrium

—

although in this special case it is an abstraction difficult to follow—and giving due
weight to the manj^ cogent facts which have been brought forward in support of

both views, there appears to be still a connecting link or links wanting to account

for the southern movements of arctic waters; which movements, to me, are even

more remarlvable as phj'sical phenomena than the translation of the warm waters
from the Gulf-sti-eam area to a high northern latitude.

This movement of arctic waters is forciblj'' illustrated by the winter drifts down
Davis Strait of the ships 'Resolute,' 'Fox,' 'Advance,' and apart of the crew of

the ' Polaris,' when enclosed in pack ice, exceeding in some cases a thousand miles;

similarly by the winter drift of a part of the German expedition of 1870, down the

east side of Greenland, from the latitude of 72° to Cape Farewell. If to these ex-

amples we add the experience of Parry in his memorable attempt to reach the

North Pole from Spitzbergen in the summer of 18j!7, it must be inferred that a

perennial flow of surface-water from the polar area into the Atlantic obtains, and,

judging from the strength of the winter northerly winds, that the outflow is pro-

bably at its maximum strength in the early months of the year.

When we further know that the northern movement of warm waters gives in

winter a large accession of temperature to the west coast of Scotland, to the Fiiroe

islands, and, extending to the coasts of Norway, as far as the North Cape, the con-

sideration arises whether this onward movement of waters from southern sources

is not the immediate cause of displacement of the water in the polar area and its

forced return along the channels indicated by those winter drifts to which I have
referred.

That some unlooked-for and unsuspected cause is the great agent in forcing

southern waters into the Atlantic polar basin has long forced itself on my convic-

tion ; and I now suspect it is to the cause producing the annual A'ariations in the

sea-level (for, as I have mentioned, indications exist of the seas of the northern

hemisphere having a higher level in winter thin in summer) that we must direct

our attention before thi3 full solution of Ocean Circulation is accepted.

The facts of the annual changes of sea-level, whatever they may ultimately proA'e,

have hitherto ranged themselves as a part of tidal action, and so escaped general

attention. Physicists well know the complication of tidal phenomena, and, if one

may be permitted to say, the imperfection of our tidal theory ; certain it is that

the tides on the ICuropean coasts of the Atlantic are so far abnormal, that one of

our best authorities on the subject (Sir William Thomson) describes them (in re-

lation, 1 assume, to tidal theory) as "irregularly simple," while the tides in all

other seas " are comparatively complicated, but regular and explicable." However
tliis ma}^ be, specialists should direct tlieir attention to the disentanglement of the

variations in the sea-level from tidal action simple ; and our colonies, especially

tliose in the southern hemisphere, would be excellent fields for the gatheriug-in of

reliable observations.

I am unwilling to leave the subject without tracing some of the consequences
that might be fairly considered to follow this assumed change of level in the

North-Atlantic basin. We can by it conceive the gradual working-up of the

warmed water from southern sources as the winter season approaches, including :

—

the expansion of the Gulf-stream in the autumn months; the consequent welling-

np of a head of water in the enclosed and comparatively limited area northward of

Spitzbergen, Greenland, and the broken land westward of Smith Sound ; the
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forced return of these glacial -n-aters, tlieir greatest volume seeldng tlie most direct

course, and thus worLing down the Labrador coast charged with ice and 2)assiug

the American coast inside the Gulf-stream ; while the smaller volume, reaching

the higher latitudes in mid-Atlantic, interlaces with the warm barrier waters,

causing those alternating bauds of cold and warm areas familiar to us from the

'Lightning' and 'Porcupine' observations, and which are now being worked out

by the Norwegian exjjloring expedition in the Government ship ' "S'uringeu.'

We can further conceive that the lai'ger function of the " couutercurrents " on
the north margin of the great equatorial streams is to act as conduits for the sur-

charged waters of the northern oceans consequent on the gradual changes of level.

The Atlantic countercm'rent, we know, expands markedly in the autumnal season;

and there maj^ be some connexion between this expansion and the high level of the

waters said to exist in the Gold-Coast and Guinea bights at the same season.

We are thus, as it appears to me, now only on the threshold of a large field of

inquiry bearing on the Physical Geogra])hy of the Sea ; but we have this advan-
tage : the admirable discussions which have taken place in the past few years,

productive as they have been of the marshalling hosts of valuable facts, will lighten

the labours of those who engage in the prosecution. Science is deeply indebted to,

and, I am sure, honours, those who have so earnestly worked on the opening pages
of the coming chapter on Ocean Circulation.

Unwillingly I turn from this interesting subject ; but the demands on my time
and your patience are imperative, as, following precedent, it is incumbent on mo
brietly to bring under the review of the Association the latest unrecorded incidents

in geographical progress or research.

There is one absorbing topic wdiich, in the course of a few weeks, or even days,

may attract general interest. I refer to accounts of our Arctic Expedition. It is

possible that, while I am now addressing you, the ships ' Alert ' and 'Discovery,'

lavoured by tine seasons, may have, in their endeavours to reach high northern
latitudes, accomplished all that human skill and energy can do, and, by fortuitous

circumstances, secured their return southward through Smith Sound, with the same
facility, we have reason to hope, as they entered what we suppose to be that
notable gateway to the Pole. If so, they are now fairly in Davis Strait, homeward
bound. AVc must not regard this estimate of progress as visionary ; for, the con-
ditions being favourable, the time at the disposal of the voyagers is ample. It is

the varying conditions of arctic seasons, we must remember, that baffle the fore-

casts of the most experienced arctic experts.

Should unfavourable conditions, or the decision of the Chief, detain the ships

another year in their icy quarters, wo have reason to hope that advices will reach
us of their whereabouts in the spring of this year. The spirited enterprise of the
well-trained arctic navigator, Allan Young, supported as he has been by the
Government, offers a sure guarantee that the leaders Nares and Stephenson will

be ably seconded in their eiforts to keep up communication with their countrymen.
Here again we must not forget that baffling conditions may defeat the intentions
of the commanders to communicate in time witli the depots at the portals of
Smith Sound.
This prolonged banishment from intercourse with the outer world, howe^-er, was

a contingency anticipated and provided for by that able Committee of arctic

oflicers who, with a full sense of their responsibiiity, so fully advised the Govern-
ment in every phase of this national undertaking. A Parliamentary paper, pub-
lished during this session, gives the fullest particulars relating to the progress of
the expedition and the steps Avliich have been taken to connnunicate with their

depots. There is a long chain of contingencies to be attended to, as will be seen
on reference to tlie interesting details therein given ; but I ventiuc to think that
not a link is missing, either in the conception or in the means provided, to bring
the undertaking to a successful issue.

There is one feature to be kept in view—which from the exceptional conditions
of ship-navigation in the icy regions of the far north is rarely realized, unless by
tliose who l!a\e had actual experience in polar service ; and it is this, that between
the time of tlie disruption of the old ice in August and the formation of tlie new
in September, there exists a very short period when ships are free to move. This
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peiiod of open or partially open water may be shortened by unfavourable circum-

stances, and vice verm ; it may be assumed, however, that in a straight fairway

channel such as Smith Sound, it almost always does occur; and as the return

southward, on account of the drift, is always more easily accomplished than the

advance north, the great probability is that, if the ships remain out another year,

it will he the result of design rather than accident.

By the Parliamentary papers relating to the expedition it will be seen that, in

the event of the non-arrival of the ' Alert ' and ' Discovery ' during the autunni

of this year, a relief ship will be despatched to a rendezvous in Smith Sound during

the summer of 1877.

With regard to Africa, exploration and discovery have proceeded with accele-

rated strides during'the past few years. Even since the recent date of Cameron's

remarkable journey across the continent, important additions have been made to

the rapidly-lilling-up map of the interior. Most of these additions relate to the

great lakes, regarding which our knowledge was previously very incomplete and

unsatisfactorv. Thus Mr. Young, the experienced Zambesi traveller, Avho under-

took last year to lead the Scotch"Missionary party to Lake Nyassa, has succeeded,

after establishing the missionary settlement " Livingstonia" at tlie southern end

of the lake, in reaching in a ste'am-launch the northern end of this great fresli-

water sea, finding it to be fully one hundred miles longer than was previously

believed. His journey was made in February of the present year; and in the

following montii the still more imperfectly known lake, Albert Nyanza, was suc-

cessfully navigated by two boats under Signer Gessi, who was despatched for this

purpose" by Colonel Gordon, the present Governor of the new equatorial province

of the Khedive's dominions. The details of Signer Gessi's interesting exploration,

communicated by himself to the President of the Royal Geographical Society,

have only recently reached England ; and it is proposed to read them in the course

of the present meeting.

A third and equally important exploration of the same class is that performed

during the same early months of the present year by that energetic traveller Mr.

Stanley. After circumnavigating the much larger neighbouring lake, Victoria,

and proving Speke's much-disputed estimate of its dimensions to be approximately

correct, he pushed his way across the difficult tract of country separating the

Victoria and the Albert lakes, reaching the shores of the latter in the middle of

January. Less fortunately situated than .Signer Gessi, who embarked on the lake

two months later, Stanley was imable to launch his boat on the then unexplored

southern portions of its waters. A comparison of the accounts of the two travellers

shows that we are yet far from knowing the true dimensions of this great sheet of

water. Signer Gessi in fact did not reach its southern extremity; aud as Mr.

Stanley appears to have struck its shores at a point about thirty miles_ further

south than the limits marked by the Italian traveller, the lake must be considerably

longer than 140 miles, as estimated by the latter. Stanley subsequently proceeded

south and explored the Kitangule river of Speke, thence striking for Lake Tan-
ganyika, the examination of which he intended to complete.

A'eii/' Guinea has of late attracted some attention both at home and in the

Australian Colonies ; rather, however, from political than geographical considera-

tions. Our interest is of course in tlie latter ; and I ;:m glad the meeting will

have the advantage of the presence of a gentleman (Mr. Octavius Stone, recently

arrived in England) who has distinguished himself in the exploration of the

south-eastern shores of this distant, little-known, and barbarous region ; to him
we must refer for the latest geographical facts.

With your permission we will now enter on the subject-matter before the

Meeting.
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On a new Route to the Sources of the Niger. By A. Boavden.

On the Specific Gravitj/ of the Surface-water of the Ocean, as observed during
the Cruise of H.M.S. ' Challenger.'' By J, Y. Buchanan.

On a new Deep-sea Thermometer. By J. Y. Bitchanan.

On his Journey through Equatorial Africa.

By Commander V. L, Cameron, R.N., C.B.

Tlie aiitlior said that soon after entering the country from the east coaat he came
to a large plateau, 4000 feet in height, encircling Lake Tanganyika, and forming
the watershed between the Congo and the streams flowing into Lake Sangora.
Another tableland to the south rose to the height of 3000 feet. The watershed
between the two basins of the Lualaba and the Congo at that part is a large,

nearly level country, and during the rainy season the floods cover the ground
between the two rivers, and a great portion of it might easily be made navigable.
One thing he noticed in Africa was this system of watersheds, dividing the
covmtry into portions, each having its own peculiarity, and also that in each there

was a difference in the habits of the natives. Within twenty days he crossed the
Nsagra Mountains and came upon a level open country where a great quantity

of African corn was grown, the stalks of which rose to the height of from 20 to

24 feet. In this country no animal could live except the goat, the tsetse fly being-

destructive to all others. The principal geological formation was sandstone. A
few marches brought him to Ugogo, an extensive plain broken by two ranges of

hills, composed of loose masses of granite piled together in the wildest confusion.

The soil was sandy and sterile. Coming to the country of the Ugari he found a
tribe almost identical with Unyamwesi. The principal streams of this district fall

. into the Mulgarazi, Unyamwesi was the commencement of the basin of the Congo.
He believed that the natives of Unyamwesi were of the Malay race ; they had crossed

a great deal with negi'oes, and had lost the distinctive colour and distinctive marks
of the race, but their features were much the same as the dominant races in Mada-
gascar. Ugaro is a large plain very nearly quite flat. The people here were
different from the L^nyamwesians ; they had not got tlie same features or the

same tribal marks. After passing over the mountains of Komendi, which are an off-

shoot of the mountains round the soutli end of Tanganyika, they came to a" fertile

laud, much of it laid waste by the ravages of a neighbouring tribe. All the moun-
tains in that district were of granite. There was there a large quantit}^ of salt,

and what was remarkable was that the rivers ran perfectly fresh through soil

which, when the natives dug wells, gave water which was full of salt. At Ujiji

the people are of a different race from those akeady described, as they shave their

hair diii'erently and have not the same features. Along Lake Tanganyika in some
places there were enormous cliffs and hollows of rugged granite lying in loose

boulders ; in other places the cliffs were of red sandstone, and in others a sort of

limestone and dolomite. At one place he saw exposed on the shores of the lake

large masses of coal. Passing down to the south end of the lake, he found it

regularly emljedded in cliffs 500 to 600 feet high, with waterfalls discharging

themselves down the face.

Travelling ahmg the side of the lake he came to the Lukogo, a large river more
than a mile wide, but partly closed by a sort of sill on which a floating vegetation

was growing, a clear passage, however, being left of about 800 yards. After pro-

ceeding some four miles up the river, the author's boat got jammed amongst the

floating vegetation which grows to the thiclmess of two or three feet, and it wa.s

witli difficulty the boat was extricated. The Kasongo country was next reached,

the principal characteristic of which was the extraordinary trees, of which boats

a fathom wide are sometimes made. Crossing the mountains of Bambara he
arrived at Mamyuemba. Here he found the race entirelv different from any thing

1876.
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he had yet seen. The houses were differently built, the people were differently^

armed, dressed their head differently, and there was no tattooing to speak of. The
villages were built in king streets thirty or forty yards wide, two or three streets

being alongside each other, and a space left between the houses, which were of

reddish clay, with sloping thatched roof—the only houses of that description he saw
in the interior of the country. All the Mamyuembans are cannibals. Journeying-

northwards, but still in Mamyueniba, a district was reached where iron was very

plentiful, and where large forges were at work. Many of the spears and knives

which they turned out looked as if finished oft" by a file or polished by some means,
although all done by hand-forging and patient labour. The Lualaba River was
next reached, which is about 1800 yards in breadth. The southern shore is occu-

pied by a tribe called the Wagenga, who do the whole carrying business of the

river, being the only canoe proprietors, who take for pay the products of the

country to the different markets. The young women make immense quantities of

pottery in the mud and back water, which they exchange for fish.

After referring to a coimtry between Nywangi and Loami, where a palm-oil gi-ows

in great profusion, the author said that he traversed Kilemba, and reached Lake
Kigongo. This lake is covered with floating vegetation, on which the people
build their houses, cut a space round about them, and so transform their habita-

tions into floating islands, so that when desirable they change the locality from
one place to another. Coming to the coast he passed through one of the most
magnificent countries in the world to look at, possessing a climate in which any
European might live. The Portuguese had been settled in this neighbourhood for

thirty years. The whole of this country was just one vast slave-field. In the
country there was a vast mineral wealth and an ordinary population that, witli

education, might be rendered very industrious instead of carrymg on a continual

warfare against each other for the purpose of obtaining slaves.

On his Recent Exphrations in N.W. New Guinea.

By Signor G. E. Ceretjti.

After several visits to the islands and part of the mainland on the north, the author
was in 1869 sent out by Count Menabrea for the purpose of malring investigations
preliminary to the formation in New Guinea of a penal settlement ; he secured at the
same time means for turning his expedition to profit geographically. He believed
that a great part of the region from the Xulla Islands to New Guinea, and perhaps
more to the north, had been subject to very important volcanic action in an epoch
not vei-y far distant ; and one could see the work now going on, the western coast
showing gradual subsidence. But whatever the origin of the islands, they were
now covered with a vegetation which he had not found equalled in luxuriance in
any part of the world. He urged in strong terms the colonization of New Guinea.

Observations on the White Nile between Oondohoro and Appuddo.
By Lieut. "W. H. Chippindall, E.E.

On Peralc and Salanrjore. By W. Baeeington D'Almeida,

Observations on the Conventional Division of Time noiv in use, and its Dis-
advantages in connexion with Steam Communications in different parts of
the World; iviih Jicmarhs on the desirability of adopting Common Time
over the Globe for Eaihvays and Steam-Ships. By Sandfoed Fleming.

On the Site of the Grave of Genghiz Khan. By Professor Foebes.
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On the Samoan Archipelago. By Litton Forbes, M.D.

On Akem and its People, West Africa. By Capt. J. S. Hat.

On tJie Geological Distribution of Oceanic Deposits. By J. Murray.

Tliese deposits were stated to be of tliree classes :—first, those which were found
all round the continents and islands existing over the world, without any exception,
but which varied according- to the places where they were found ; secondly, those
found at from 200 to 300 miles from the land, consisting of shell and lime deposits,

and covering most of the bed of the ocean ; thirdly, those existing at other depths,

and which were of siliceous character. Observations had shown that a curious

relation existed between the nature of the deposits and the depth of the water.
It was also pointed out that in the neighbourhood of volcanic islands, and in no
other places, were found large deposits of manganese, coating the shells and other
things brought up from the bottom.

On the Islands of the Coral Sea. By Kerry Nichols.

The Coral Sea embraces that portion of the Pacific Ocean extending from the
south of New Guinea, westward to the coast of Australia, southward to New Cale-

donia, and eastward to the New Hebrides. The New Hebrides' banks and Santa-

Cruz Islands, the author said, are an almost continuous chain of fertile volcanic

islands, extending for a distance of 700 miles, between the parallels of 9° 45' and
20° IG' south latitude, and the meridians of 1G5° 40' and 170° 33' east longitude.

Espiritu Santo, the largest island of the archipelago, was seventy-five miles long

and forty miles broad. The geological formation of the islands was composed of

volcanic and sedinientar}- rocks. I'he chain of primary volcanic upheaval might be
traced running in a general course longitudinally through the islaifds always in

their longest direction, the-axis of eruption being marked by active and quiescent

volcanoes. On the north end of the island of Vanu Lava there were extensive

springs of boiling water, solfataras, and fumaroles. The hot springs were of two
kinds :—some were permanent fountains where water was in a constant state of

ebullition, others were only intermittent, and the water became heated at certain

intervals, when it varied from a tepid degree of heat to boiling-point. The phy-
sical features of the islands were remarkably bold, and betokened at first sight their

volcanic origin. The plains, tablelands, and valleys of the mountain region were,

many of them, of considerable extent.

On a Journey across Finland, from Ellenhorg to Archangel via Kemi.

By Eev. J. Paterson.

On Travels in Tunis in the Footsteps of Bruce.

By Col. E. L. Platfair, II.M. Consul-General in Algeria.

The paper gave a narrative of the author's observations made in the course

of a journey in Tunis over places visited by Bruce about 1763. There had been

recently put into Col. Playfair's hand for publication a large number of Bruce'a

sketches, of which his I'arbary sketches ware, he said, the most interesting, form-

ing about 120 sheets of drawings, completely illustrating the archceology of North
Africa. In these circumstances, the author had determined to follow Bruce in

his journey, and to satisfy himself as to the present condition of those interesting

ruins, which were almost unlmown to the modern traveller.
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On some Points of Interest in tJie Physical Conformation and Antiquities of tlie

Jordan Vallei/. By Professor Poetee.

The general geological structure of the valley, the author said, was lime, and of the

same age as the basin of the Sea of GaUilee, and its surface was flat. The breadth

varied from three to ten miles, extending a little towards the east ; and from the

nature of its thick alluvial covering, it was of more recent formation than the

mountains, of which the soil was the deposit, the vallej' having been at one time ap-

parently a lake. The River Jordan, as it at present existed, could have had nothing

to do with the formation of the valley itself He recommended to tlie notice of

men of science that geological remains on the site of Sodom and Gomorrah pointed

to an explosion of bitumen much later than the ordinary geological formation, and
probably within the historic period.

Notes on the River Putumayo or I^d, SontJi America. By A. Snrsox.

On his Eecent Journeys in New Guinea, By Octatius Stone.

The island extends in a south-easterly direction for a distance of over 1400 milf\'a,

having a maximum width of 450 miles and a minimum of only 20. The neigli-

bourhood of the Baxter River and the entire shores to tlie west of the Papuan Gulf,
for an average of 100 miles inland, were low and more or less swampy, being inter-

sected by watercourses and covered with forests of mangrove-ti'ees. This part of
the country was thinly populated by the Dande Papuans, who iu consequence were
subjected to periodical raids from the adjoining islands of Borgu, Scaibai, and
Daun, the invaders generally returning victorious with the heads or jaw-bones of
their slaughtered victims. The only trace of cultivation he saw v/as 80 miles up
the river, where a space of six acres liad been neatly fenced round and planted
with yams, taras, sugar-cane, and tobacco. Outside the enclosure were two or
three uninhabited bark huts, which appeared to afford shelter to these ro'\inf

people, in which they prolonged their stay as game was more or less plentiful.

Traces of wild boar and kangaroo were observed in tlie Upper Baxter. No other
large animal was known to exist. They were hunted with the bow and barbed
arrow, while the war-arrows were poisoned by steeping in tlie putrid carcase of a
victim until sufficiently saturated. The district of the Baxter River contrasted
strikingly witli the Fly River discovered by Capt. Evans, whose banks for GO miles
swarmed with human beings. The author's impression of the western coast was
tliat it would prove a grave to such Europeans as sliould choose to reside there.
This part of the country was inhabited by the Papuan race, a dark race of people,
though not so dark as the ^\.ustralian negro, and one of cannibal propensities. The
eistern peninsula, on the other hand, was inhabited by the ISIalay race. Of this
race the author tliought they had come to New Guinea from islands further east,

8 mie of them making the change at a comparatively recent date. This race was
fir above the savage, botli in intellectual and moral attributes. They were culti-

vators of the soil, each having his own plantation, and strongly opposed to tlie

caunibalisni and polygamy which obtained among their western neighbours the
Papuans. The women, too, of the Malay race were not debased as among the
dark race, but mixed witli the men, with whom they shared the management of
public affairs. The Owen Stanley mountains ran through the centre of the country,
from soutli to north

; and the east country was, on tlie whole, favourable to culti-

vation, and probably possessed great mineral wealtli. It accordingly offered suffi-

cient inducement for colonization ; but colonization, if attempted, would requij e to
be set about with much previous consideration, owing to the peculiar situation of
the peninsula and the circumstances of the people.
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On the Temperature obtained In the Atlantic Ocean during the Cruise of H.M.S.
' Challenger.' By Staff-Commander Tizaeb, B.N.

Over a gveat portion of the Atlantic the bottom temperature has this peculiarity:

—If the depth be less than 2000 fathoms, we find tlie temperature at tlie bottom
lower than that of any intermediate depth ; but when the depth exceeds 2000
fathoms, we find that the bottom temperatures are nearly the same as they are at

that depth. This holds good for three fourths of this ocean. In the remaining
fourth the temperature obtained at the bottom is much lower than in the other
parts ; and this fourth is not at cither extreme, where there is a large current of
surface cold, but occupies the whole of the western portion of the South Atlantic
as far north as tlie Equator. The residts of these temperatures may be classihed

thus :—If an imaginary line be drawn from French Guiana to tlie westernmost island

of the Azores, and from thence nortli on tlie westeim side of this line, the bottom
temperatures at depths exceeding 2000 fathoms are 35° ; that is, taking the mean
of all the temperatures obtained, which differ but slightly. On the eastern side of
this line the bottom temperatures are 35°'3

; and tliis imiform temperature appears
to extend as far south as Tristan d'Acimha, as the German frigate ' Gazelle ' ob-
tained similar bottom temperatures eastward of the line joining that island with
Ascension to the southward of a line "joining Tristan d'Acimha with the Cape of
Good Hope. The bottom temperatures are decidedly colder between the eastern

coast of South America and a line joining Tristan d'Acuuha and Ascension Island
;

and from the Equator to the southward the bottom temperatures were invariably
colder than at any intermediate depth. These temperatures varied from 31° to
33°'5, that i^, when the depth exceeds 2000 fathoms ; and temperatures of less

than 33° were found as far north as the Equator, while a few miles northward
this bottom temperature was 3o°. It therefore appears that in the western portion
of the South Atlantic the highest bottom temperature is less than the lowest
obtained elsewhere in this ocean, excepting where tlie very low result of 29° was
found by the ' Porcupine ' in 18G9 between the Faroe Isles and the north extreme
of Scotland. The question thus arises as to the causes which confines this cold
water to the bottom portion of the western half of the South Atlantic. The
examination of the soundings which had been taken in this ocean, combined with
the results of their temperature, leads to the conclusion that there is a series of
ridges dividing its bed into two basins, one of which occupies the whole of the
western portion of the North Atlantic, while the other extends the whole of the
length of the ocean on its eastern side, and that the cold water in the western
portion of the South Atlantic is owing to there being no obstruction between the
bed of this portion of the ocean and the Ijed of the Antarctic basin ; and from the
results of the serial temperatures' soundings it would appear that these ridges can-
not exceed 1850 or 2000 fathoms in depth. To ascertain the thermal condition cf
the Atlantic ffrom the surface to the bottom), serial temperatures were obtained
iu the ' Challenger' at 150 positions, observations having been made at each ICO
fathoms to 1500 fathoms iu depth, and frequently at, sa}-, 10 fathoms to 200 fathoms
in depth, at each of these positions. An examination of these temperatures shows
that between the parallels of 40° N. and 40° S. there is a much larger amount of
warm water in the North than in the South Atlantic, and that in the equatorial
regions the isotherm of 00° is much nearer the surface tlian in the temperate zones,
but that the isotherms below G0° are at nearly as great a depth at the Equator as
in any part of the South Atlantic, especially at the isotherm of 40°, and that
between the ])arallel of 30° and 40° N. latitude the isotherm of 60° occupies a
depth of 300 fathoms over an area of 1,200,000 square miles, while the average
depth of this isotherm between the parallels of 30° and 40° S. latitude is IGO fathoms

;

also that the isotherm of 40°, which is at an average depth of 800 fatlioms across
the North Atlantic, between the parallels of 30° and 40° N. latitude, occupies only
half that depth in any part of the South Atlantic. This phenomenon may be ex-
plained in the following manner :—The power oi the sun indirectly heating the water
below the surface appears not to extend below 100 fathoms even in tlie tropics

;

and this power decreases as the liigher latitudes are reached, mitil a position

is attained where the temperature is that of the freezing-point of salt water. As
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salt water at its temperature of cougelation is denser tliau at any higher tempera-
ture, its weight would cause it to sink ; and it would in time, did no other cause

intervene, occupy the whole of the space in the ocean not influenced hy the sun's

heat. But in considering the effect of the heat imparted to the surfaces, we have
also to consider the effect of evaporation and precipitation. In the equatorial

regions evaporation is rapid, so that the surface-hlm would become cleared through
increased salinity were it not for the increased temperature and large precipitation,

as well as to its being transported by the friction of the trade-winds and eartli's

motion to the westward. This surface-film, constantly moving westward in the
equatorial regions, meets in the Atlantic with an obstructing point of the South-
American continent, which directs it to the northward, so that the greater part of

the water directly heated by the sun's rays in the tropical regions is forced into the
North Atlantic. As the salinity of this water is greater than that of the subjacent
layers, and its increased temperature only renders it less dense, directly a portion
falls in temperature in the colder regions of the temperate zone, the surface-

film sinks and imparts heat to the water beneath. Consequently the isotherms
will be foimd at greater depths where the heated smface-tilms are constantly
descending than when, owing to their being less dense than the subjacent layers,

they remain on the surface.

ECONOMIC SCIENCE AND STATISTICS.

Address hy Sir Gteorge Campbell, K.C.S.L, M.P., D.C.L., President of the

Economic Section.

I FEEL a difiiciilty in imdertaking the Presidency of this special and important
Department of the British Association, in this great city, which contains so
many men masters of so many branches of economic subjects. But, Scotchman
as I am, I have felt that I could not decline the honour proposed to me in the
commercial capital of my own country ; and I remember with pride that perhaps
in no place in the British Empire could economic subjects be discussed with
so great advantage. Other places have special industries. Glasgow has many,-
and she excels in them all.

I tmderstand it to be the object of the Association that in the treatment of the
subjects presented to us we should stiidy, in this as in other departments, to follow
as far as may be a strictly scientific method of inquiry, not lapsing into the di.s-

cussion of political details, but attempting to ascertain the principles on which
economic results are founded, and to define the niaiu lines of economic truth. It
may not always be possible to draw the boundary between science and practice

;

but I am sure that we shall all try as much as possible to avoid matters which
involve party or personal questions, and to maintain a calm and scientific attitude
in our treatment of the many subjects which come within the range of this
Section.

The Section was originally called that of " Statistics ;" and all economic inquiry
must be based on or tested by Statistics. At first sight Statistics expressed in figm-es
might seem to constitute the most exact of sciences ; but in practice it is far other-
wise. In nothing is so great caution necessary ; there is too gi-eat temptation to
reduce to figures facts which are themselves not sufficiently ascertained ; too often
an exactness is claimed for these figured results which is altogether fallacious and
misleading. In fact there is a use and an abuse of figm-es ; and one is sometimes
tempted to sympathize with the cynical philosopher who said that nothing is

more misleading than facts, except figures. It is especially necessary to distinguisli
between figures which are really ascertained, and those which are nierely drawn by
deductions from rough and conjectural facts. A false appearance of exactness
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should not be giveu to these latter. For instance, if we take the geographical

area of a country to he so much, and assume the density of population to be at a

certain rate per sq^uare mile, we may work out a very precise figure, and yet in

reality the result is not at all precise.

There is very often fear that Statistics are sought out and adapted to suit a pre-

conceived theorv. Another misuse of Statistics is this, that Avhen they are used

to test certain capacities and qualifications work is directed and shaped to meet the

statistical test, and the results thus obtained become misleading. In such a case

it is necessary very frequently to change the form in which the statistical test is

applied.

Eearing in mind, however, the necessity of guarding against abuse, there can

be little doubt that statistical science is one of the most important instruments

and necessities of our time, especially in this country, in which we are somewhat

deficient in that science. First, we require statistics for the direct ascertainment

of facts for practical use; for instance, the statistics of production. Agricidtural

and manufacturing statistics are of the greatest practical importance to the fiirmer

and the mauufactiirer. We are almost wholly destitute of agricultural statistics.

How o-reat is the contrast in America and other countries, where great attention is

paid to these subjects, and every farmer iu the country is kept informed of very

much that it is most important for him to know

!

But there is a second and almost more important use of Statistics, viz. the culti-

vation of economic science by the inductive method. It is by collecting, verifying,

and classifying facts that we are able to approach economic truth. There was a

time when itleems to have been supposed that political economy was a science

reo-ulated by natiual laws so fixed that safe results could be attained by deductive

reasoning. But since it has become apparent that men do not in fact invariably

follow the laws of money-making pure and simple, that economic action is aflected

by moral causes which cannot be exactly measured, it becomes more and more

evident that we cannot safely trust to a chain of deduction, we must test every

step by an accurate observation of facts, and induction from them. This is, it

seems "to me, the highest function of statistical science : we recognize that men
are not mere machines whose course may be set and whose progress may be

calculated by a simple formula. Men are complicated beings, whose minds and

motives of action we do not vet thoroughly understand ;
we cannot foretell what

they will do till we are siu-e 'that we know what in fact they actually have done

and do iu a gi-eat variety of circumstances. In proportion as we attain that

knowledge, we become acquainted with the main agent in economic science, and

make advances towards a knowledge of that science.

When we seek to understand economic history and economic institutions, it is

seldom that all the necessary materials are ready to hand in our own countiy and

our own aue. AVe must search for them far and wide. We seek to recover

economic history, geuerallv very imperfectly recorded in times when the science

was little understood. And at"the same time there is a kind of contemporaneous

history of which very much use may be made. We may obser\e facts, and may
obtain statistics iu countries which are in stages of human and economic history

very different from our own. As the history of plants and animals is recovered

from geological records, so we may recover "much of human history by studying

uian m the earlv. middle, and more advanced stages of civilization. We of this

country, who rule over so manv lands in so many parts of the world, have special

opportunities for this kind of economic study. In my own experience I have been

particularly struck bv the light thrown on our institutions by a comparison with

those lately and now existing among the different peoples of India. India is in

truth a country of manv peoples, aud'there is there infinite material for the human

archreologist who would study the earlier phases of human history among the

primitive" aboriginal tribes, still iu what I would call the earher stages of

existence. We may there learn much of the origin of the institutions which we

have long come to "look on as almost part of om- nature—of tlie earlier forms of

property "and man-iage, and manv other things. The fortuuate connexion with

India o"f that great scholar. Sir Henrv Maine, has led to a great anioimt of hght

on the connexion between the East "and the West. At present I would only
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allude to one or two points in what I call the middle history of man, directly

leading to our modern institutions, in respect of which I think that much may he

learned from ohservation in India. And in India we are not now left to mere

individual observation only. A very substantial commencement has been made
towards the introduction of statistical science and the collection of statistics of

tolerable value, in that country. For some years past great attention has been paid

to this subject by the Government. I may venture to say that I mj^self, when I

held office in that country, have done all that was in my power to promote statistical

Icuowledge ; and a number of earnest men have done the like. As usual in the

commencement of such inquiries, our difficulty has not so much been to get figures

as to keep our statistical figures down to those which are pretty reliable. '\\'u

are thoroughly aware of the necessity of caution in thi.s respect ; and we believe

that we are gradually coming to the point when we can say that we have .some

very valuable statistics on a very large scale.

Of the history and use of local Institutions we may learn very much in India.

That covmtry was, locally speaking, one of the most self-governed cuuutries in the

world, in native times. In all parts of this ifslaud, while the civic constitutions of

the ancient Burghs have been preserved, the self-governing institutions of the

country at large have almost entirelj' disappeared, leaving only a few fossil remains

to testify to theii" previous existence. On the continent of Europe the old Com-
munes retain a good deal of vitalitj'. But it is in India under native rule tluit we
see these institutions in full \ig-our and working order. That little republic, the

villa'^e comnmnity of India, has come to be looked on as an interesting old relic

rather than as the subject for modern imitation. In my opinion we may draw
from it a very large store of economic knowledge which may be very useful to us.

1 orieve to say that philistine and self-satisfied as we are, prone as we are to believe

that there can be no good thiiigthat is not our own, instead of supporting and cheiish-

ing the self-governing Indian Communes, and taking from them an example

for om" own country, we are permitting them to fall into decay. They owed in fact

their cohesion and their durability to pressure from without, to the necessity of

the case, which made self-government indispensable to tlieir existence. Our strong

arm has removed that external pressure ; and in our self-confident spirit we ha\e

substituted our pretentious but imperfect and uncertain Courts for the rough but

reliable village rule of former days. I believe that the more we introduce into

India true economic science, the more it will be apparent that wo have taken on

om'selves too heavy a burden, that too great centralization is a mistake, and

that, in a country where political fi-eedom on a large scale is impossible, tlie only

satisfactory resom-ce is a large measure of the local government to which the

people are accustomed.

The tenure of land is another subject on which great liglit is thrown by Indian

experience. After an intimate acquaintance with the tenvues which we there

find in existence, and those which our system has created, we seem to have before

us a picture of the rise and progress of property in land. Putting aside the older

forms of property, we have had in India many examples of the feudal tenure

of a conquered country by chiefs and subchiefs holding in subordination one to

another and ruling over communities of cidtivators, some of whom were free and
possessed of certain rights and privileges, and others were in a servile position.

Among the communities holding land Ave have manifest traces of the old sjsteni

of partition and repartition ; we have before our eyes the gradual disuse of that old

system and the gradual growth of the individual tenure of the lands under the

plough with commoh use of the pasture-lands, the wood, and the water, on a
tenure strictly analogous to that of English Commons. We ha-\-e the struggle

between the Lords and the Commoners, and questions between tlie Commoners and
the landless members of the communitj', just as we have luid in this country.

Then we have the growth of English ideas of property in land. "We have tlie

overlord, the Zemindar, no longer holding m feudal tenm-e and receiving

customary dues and services, but turned by us into a rent-receiver. We have the

struggle of the rent-receiver influenced by our ideas to turn the privileged culti-

vator into a tenant pure and simple, to appropriate the Commons and to establisli

absolute property. We have the emancipation of some cultivators as copyholder!;.
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the subsidence of otliers put into rackrented tenants-at-will, aud tliou into laboiu'ers.

All these stages in the tenure of laud we have in the Indian couulries where the

Zemindar system has prevailed. In other parts of India, whore the Government
has recognized the rights of and dealt with the llyots direct, wc haA'e the rapid

development of small property in land with all the incidents of that form of

property witli which in many parts of Europe we are familiar.

Then we have another process goiug on in all properties, small aud great.

At tii'st the holders of the land are content to pay, as they ahvays have paid to

native rulers, the hulk of the rent to the State or to the feudal lord, retaining for

themselves only certain dues and perquisites. Under our system the State rent

is limited
;

' a portion of it is surrendered to the landholders. From time to time,

luider the influence of English ideas, that portion left to the holder of the land is

increased. In one great province the assessment rendered perpetual in the last

century has become so light as to be rather a moderate land-tax than a rent. In
other provinces a moderate assessment fixed for a very long period becomes a very
light assessment before the end of that period ; as the country progresses and
values increase, the share of the landholder becomes larger e^ery day ; he learns

to spend that share. When the time for revision of assassmeut comes he resists

any very large or sudden increase ; and the Government more and more yields to

his demands. Thus gradually property in land in the English sense is established.

Tenancy by capitalist farmers under capitalist landlords we have not yet come to

in India.

The subject of small cultivation seems to derive a new interest in a new quarter
from what is now taking place in regard to the emancipated Africans in the I nited

States of America and elsewhere. I understand that the cultivation which has
already made the produce of the American cotton-districts almost or quite equal
to that before the war, is for the most the cultivation of small independent negro
cultivators, who raise cotton on a system much the same as that under which tho
Kyots of India or Metayers of Italy culti^ate small farms. There seems to be
among the dark races of India and Africa a dislike to regular hired labour, aud a
preference for independent labour on their own account, v. hich makes them prefer

small farming to service, or at all events leads to their doing better work on their

own farms. There has been, I think, a disposition to undervalue the agricultural

skill of the Indian rj-ot. And if it shoidd prove that in advanced America, under
free institutions, the cultivation of an article of great value and high quality is best
carried on by small black farmers, we may well believe that in other countries,

too, great results may be obtained by the same sj'stem. The settling down to

honest labour of the American freedmen is an example full of promise, I hope, for

the African race throughout the world. If iu all the countries where the state

of black freedmen is still uncertain they can be thus settled, a great end vvill bo
achieved. And in Africa itself we may hope tliat in countries now torn by war
and slavery a guiding hand may lead the African race to peacefid, prosperous, and
happy times.

I merely instance these as cases in which economic problems may be studied in

their several stages in countries other than our own. I cannot attempt to pursue
these subjects at present.

Proceeding to another branch of economical science, I cannot but think that there
has been passing before us of late a very great deal to bring home a ^iew with which
I have before on other occasions dealt—that curllj^ expressed in the homely saying
of Walter Scott, that " it is saving rather tlnxn getting that is the mother of
riches.'' What an extraordinary economic lesson is read to us in the results of the
late French war ! True, the French have been politicallj- humbled ; true, they have
been obliged to pay a w.ar indemnity of crushing magnitude. But what has fol-

lowed ? Misfortune has taught the Freiich a lesson of economy and prudence
;

triumph taught the Germans a lesson of pride and extravagance. The French
have retrieved their losses ; they are at this moment commercially the most pros-
perous people in Em'ope ; they bear without dithcidty or distress a taxation far

larger than that of any other country in the world ; while the Germans, who
launched out into extravagance on the- strength of the vast sums paid them by tho
French, ai-e suffering greatly from exhaustion and commercial collapse ; their trade
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is bad, their manufactiu-es are discredited, their people are disheartened. The
French are a people of small proprietors and small capitalists ; they have not the

great masses of accumulated wealth that we have in this country in the hands of

great capitalists. But their wealth is more generally distributed among the people,

and in their hands it fructifies at least as much in the end ; if there are not such
high profits, there are not such great spendings. Looking to their capacity of

bearing taxation, to the general wellbeiug of the people, to the very general pos-

session of small ]iroperty, it may well be a question whether, after all and in spite

of wars and misfortunes, France is not quite as prosperous a country as our own,
and quite as happy a country.

This at least is certain, that small people working for themselves, if they do not
earn more, at least work more zealously and save more than those who work as the

hired labourers of others. I am inclined to think that, treating the matter scien-

tiUcaUy, the facts will justify us in reducing it to a law that the small man who
works for himself is a thrifty man and saves, while the hired labourer is seldom so

saving and prudent. Why is this ? I think the explanation is to be found in the

habit of forethought and management which is necessarily engendered in the man
who, not lidng on daily wages, is bound in some degree to take thought for the

morrow, to calculate his ways and means, to husband his resources for a rainy day,

to make forecasts of the provision for himself and his family. To this I attribute

it that tlie small French proprietor, the Irish farmer, the Indian ryot, the Scotch
weaver (who is unhappily passing from us) are or were all saA'ing, thrifty men.
Where will you find a tetter class than the old Scotch handloom weaver, the

careful, thoughtful, well-educated, independent man, the owner of his own cottage

and patch of garden groimd, generally prudent, and alwaj's ready to hold his own
in argument ? No doubt modem mechanics make more ; but do ihev accumulate

more ? The habit of living upon weekly wages diminishes the necessity for fore-

thought. The practice of miyi-ating in search of the best market takes away the

desire to own a house and garden. I think it cannot too often be repeated that

the great economic question of the day is to reconcile the modern aiTangement of

capitalist and workmen with sufficient incentives to prudence and economy ; that

is the problem at the bottona of all plnns of cooperation, and of most of the questions

connected with Trades' Unions and the like.

Very intimately connected, too, with this question is the great and most difficult

subject of pauperism. Poor Indian ryots manage to get on without Poor Laws
because they are prudent self-workers. The poor Irish farmers for the most part

do the same. In most European countries there are no poor laws. Yet when the

people of a country are reduced to the position of labourers poor laws become a

necessity. It is found in practice tliat people living on wages do not make the

same provision for themselves and their helpless relations that self-workers do.

There has been a strong disposition to meet this tendency by a more severe ad-

ministration of the poor laws, by driving poor people into the workhouse. I con-

fess that I doubt the efficacy of "this system ; at any rate I think it may be carried

too ftir ; and I was glad to hear Mr. Walter of the ' Times ' make a manly stand

against it in his place in the House of Commons.
It is for us to treat the matter scientitically, and to consider the principles on

which poor-relief is foimded. The Scotch are a logical people, and they are in-

clined to take the view that payments to the poor-rates are a kind of insurance.

They pay rates when they are well-to-do, and they think they are well entitled Id

pensions' from the rates when they are disabled. Is this view a correct one P or if

not, what is the real principle of poor-rates and poor-relief ? I think that these

are questions which must be answered by those who would tike a severe view of

the relief sj'stem. I am inclined to doubt whether English doctrinaires or central

boards can "much improve on our careful and prudent system of out-door relief

administered by local bodies who thoroughly knov*^ their own people.

Even if time permitted I would not venture to deal with great commercial

questions in the presence of those who so much better understand them ; but there

is one question of pressing importance at the present time to which I must allude,

the more as it is much connected with the 'Country of which I have a large per-

sonal knowledge, India ; I mean the silver question. He would be a bold man
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indeed wlio would prophecy the value of silTer as compared with gold a few years
heuce. I certiiinly shall not attempt to do so. There are countries, China espe-
cially, of which wo know very little ; and I apprehend that the course of the silver-

lUcarket will very greatly depend on tlie action of the States of the Latin Union
and the United Slates of America. The disposition of the Government of India
seems to be to adopt a waiting policy; and there are not sufficient data to enable
any one to pronounce with contidence that this com-se is -wi-oug. " When in doubt
what to do, try how it will answer to do nothing," is a maxim of much value.
The only plan to which personally I have a little inclined is to put more silver into
the rupee

; and that would not be safe till we are sure that the change in the
relative value of the precious metals is permanent.
On one point only in connexion with this subject I sliould like to say something

further. The belief has been expressed, and the Silver Committee has accepted the
suggestion, that India is likely to absorb an increased and increasing quantity of
silver for currency purposes. This I greatly doubt. It is said that in many parts
of India silver is yet little known for purposes of exchange, most transactions being
conducted by the primitive method of barter. This I think quite a mistake. I
have as vdde an experience of India as most men ; and I know no part of India
where traffic is by barter for want or ignoi-auce of coin, except the most remote
hill regions of the most savage and unexplored aboriginal tribes which are yet
hardly known even geographically. The Hindoos are a very old people ; they used
coin freely when we had none ; and they have not forgotten the use of it. I should
say that the special feature of their transactions is the use of a great deal of coin in
cases where we should iise notes, cheques, or bills. And nw impression is the
opposite of that which has been suggested. I am inclined to think that as more
modern ways are learned less coin will be required, not more. When I first went
to India very large quantities of coin were hoarded. Every prosperous native
prince who managed his finances well according to native ideas hoarded very large
sums in coin. On the occasion of successions, minorities, and otherwise we ascer-
tained the reality of these hoards. The weight and power of a prince or noble was
estimated by his store of treasure. So in grades below, there was much disposition
to put by stores of rupees ; and the prosperous peasant, like the Frenchman, either
buried rupees in his hut or made them into ornaments for his family—a little

capital to be converted into cash when necessity arose. Till very recently paper
money was wholly unknown ; and even yet it is used but to a very minute" degree
compared with its use in European countries.

Now that the country is more opened up every day, that there is more confidence
in the British peace, that new channels of enterprise, new wants and idesis are
developed, I believe that the habit of hoarding coin diminishes. Natives, princes,
and nobles spend their money in many new ways. When they accumulate they
lend it to the British Government to make railways in their territories, or mider-
tiike enterprises of their own, or put it in " Government paper." Smaller people
travel by railway, enter into speculations, and utilize their money instead of hoarding
it. Li one direction, as people become richer the ornaments on their wives and
children may become more valuable ; but in another direction, there is less hoarding
of capital in this form.

In a country where the coin of legal tender is so bullcy as silver there is much
greater occasion to use paper money freely than where the cm-rency is gold. I see
not why, as confidence in our notes increases, they may not come to be used ten,
or twenty, or fifty times as much as at present, why notes for large sums and silver
for smaller sums shoidd not dmstitute the currency for transactions above
those for which copper suffices. If the tendency of things should be at all in the
direction which I have indicated, it would follow that while we might understand
the absorption of a vast amount of silver in the past half century, we might also
suppose that the tendency thus to absorb that metal will not continue.

I would ask your permission now to turn for a moment to the subject of educa-
tion, and to suggest that here of all things there is the amplest room for substituting
scientific inquiry and a scientific treatment of that great economic agency for the
empirical system hitherto followed. Ij.et us try to work out what are the "objects of
education, and by what methods they may be best attained. How far and at. what
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stages of the progress of the young human bemg is education useful as a mental

o-ymuastic, and how far and when as a means of communicating positive knowledge

to be retained. As a mental gymnastic, which are the faculties most to be culti-

vated ? and in which, boys or girls, are particular faculties to he drawn out ? Can
we classify and distinguish the faculties of the mind—distinguish memory from the

reasuniug power for instance ?

I am inclined to think that imder the present haphazard sj'stem a boy generally

gets that mental training which he least wants. The boy with a good memory,
who does not need the excessive development of that faculty, does work depending

on memory because " he has a turn for it;" and his reasoning powers remain dor-

mant for ever. The only boy whoso reasoning powers are exercised by Euclid is

the rare boy who has a ii(rn for that sort of thing, and who does not need such

a gymnastic.

Then, when we come to the acquisition of knowledge, can we not distinguish

the knowledge to be turned to use in after life ? Is there no distinction in the

teaching of boys destined for one sphere of life or another ? In England, at any

rate, do not the chains forged by degrading endowments tie down almost all to

the same dull routine ? Is the knowledge of the things, the creatures, and the

uses of the world put in due proportion to mere empirical learning ? I ask all

these questions without pretending to answer them ; but I do again venture

to suggest that education at present, of all things, requires scientific inquiry and
scieutilic treatment. We must even, in dealing with education, go to the bottom
of things, and inquire how far qualities are born, and how far they are produced

by association and education.

As regards the education and employment of women, is not -there great

room for scientific inquirj' on the question how far the mind of woman differs from
that of man ? Is there not, in fact, a very considerable mental difference between
man and woman, just as there is a considerable bodily difference ? Is not woman,
to some extent at least, a different creature from man, so that v.c may in some
sort predicate that under certain conditions a man will act in one way and a woman
will act in another way, in tlie same manner (though not in the same degree) as we
can predicate that a dog v.-ill act in one way and a cat in another? To some
degree I am inclined to think that there is some natural difference, and that this

difference must be taken into uccoimt in determining the treatment, the employment,
and the functions of women.

It is because I thoroughly sympathize with the desire of so many women of the

middle classes to hud useful and honourable employment for themselves that I

think scientific inquiry ijito the economic capacities of tlie creature woman most
necessary. If we can once solve that part of the problem, the rest wiU be com-
paratively easy. I feel sure that there are mar^y functions, whether they depend
on uimbleness of finger, sympathy of heart, or quickness of intellect, for which
women are especially fitted, while there are others for which tlieir nature is less

fitted and in respect of which tliey will do well to avoid an unequal rivalry with man.
As education fits a man for his duty in the scheme of economy, so dissipation of

various kinds unfits him ; and we can hardly exclude from economic science the

efi'ect of the abuse of stimulants. I was going to say use and abuse, but I think it

may be doubtfid \\hether there is an}- real use for stimulants at all. In dealing

Avith the matler scientificallj-, it seems \ ery necessary to inquire how far the appe-

tite for various stimulants is connected with questions of race and climate, and
what is the compiirative effect of pure stimulants and those which have a narcotic

clement. It does seem that man when lie lias the chance will indulge in some
luxuries, and that di'ink cannot be stopped by preaching alone. Perhaps the best

hope of a remedy may be to discover the means by which innocuous enjoyment
may be afforded to ]:im in consonance with his constitution and tastes. It may be

a question fairly open to consideration whether the whisky of the Scotchman is or

is not as injurious as the semi-narcotic beer of the Englishman. And then we
have the larger question, whether the wholly narcotic opium of the Chinese is worse
than or as bad as the alcohol of European countries.

I have been led into the suggestion that these things are very much a matter of

race by observation of the very singular way in which in Asia the populations are
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divided into tliose who use opium aud those who use alcohol, according to race-
lines, e\en in countries where the facilities of obtaining the one or the other are
precisely similar. In the east of India I found tliat the consumption of opium in
the various districts was just in proportion as a Turanian or Chinese element pre-
vailed in the popidation. The Aryan races of India never take to opium in a very
gi-eat degree, except in the case of some of the Sikhs, whose religion prohibits the
use of tobacco. Even in the districts where the poppy is almost universally culti-
vated by the Ryots (and they supply the opium which the Chinese consume), it is a
happy fact that the native population does not take to the common use of opium

;

and there are no greater symptoms of the ill effects of the drug than in districts

where it is very rare and dear—^far less so than in districts where the cultivation is

not permitted, but where there is an Indo-Chinese population. I cannot but
think that such race proclivities open up an important held of inquiry.

From so fertile sources of crime as drink and other stimulants one not unnaturally
passes to justice and the repression of crime, as essential to economic safety and
prosperity. No one who has experienced the vast relief obtained by the change
from a crude and undigested state of the law to the use of codes can doubt the
immense advantages of codification. It is very gi-eatly to be regi-etted that so
little progress in that direction has been made in this country. Not only would
there be the great direct gain, but there would be this enormous advantage, that in
a codified shape the laws of the three kingdoms might be assimilated. The very
great juridical advantages which we possess in many respects in Scotland would be
communicated to the sister kingdoms ; and, on the other hand, we should obtain in
Scotland some modern reforms which we need. "We should get rid of that shock-
ing anomaly and hindrance to business, the necessity of passing in the same legis-

lature separate laws for England and Scotland, only because there is a difference in
the legal phraseology and some of the details. I have been much struck by the ex-
treme ignorance which prevails in England regarding our Scotch criminal system.
The world is ransacked for examples in regard to such questions, as, for instance,
the examination of the accused ; and yet there is not one well-educated man in
England in a thousand who knows that in his own island, at his own door, there is

a system of criminal procedure juost radically different from his own, and, as I
venture to think, veiy worthy of English imitation. Who in England has the least

idea of the wholesome Scotch system under which the first inquiry includes the
examination of the prisoner before lawyers are permitted to see him, and the record
for judicial use of the statements which he makes?

After judicial inquiry comes puuishment ; and here I am inclined to believe that
the ci\dlized world is still very much at fault. I think there is still immense room
for scientific discussion on the subject of punishments. There are some gi-eat sub-
jects, such as sanitation and punishments, in respect ofwhich I believe that the experts
claim a certainty and a knowledge which has not yet been attained. On the con-
trary, I think there is still every thing to be gained by inquiry and experiment
conducted without prejudice or preconceived conclusions. I'he mere sliutting-up

a man in prison without severe treatment is by no means a sufficient deterrent to all

natures ; and when we seek to be severe, we clash with modern notions of humanity.
In one shape, indeed, there seems to be a disposition to revert to a form of torture

—

that is, by flogging. Yet after a great experience I am myself much convinced
that of all forms of corporal punishment flogging is the most uncertain, ineffective,

and dangerous. In a light and simple form it is good for juvenile delinquents,
whose oflences are petty, and whom we would not contaminate by a first imprison-
ment. And flogging is to some natures a material addition to other punishments.
But as soon as we try to carry it beyond this we are placed in this dilemma, that
a flogging which is safe is an insufficient punishment; a more severe flogging is a
sort of lottery : nineteen or ninety-nine men it may not harm, the twentieth or
hundredth it will kill. I really believe that it would be safer to cut off a finger or
an ear than to attempt to deal with serious oflences by floji-giug only.

It is because I think we do not yet fully understand the science of puuishment
that I am myself opposed to a too uniform and centralized system of prison manage-
ment. I thoroughly admit that there is much room for reform in regard to the
mimberofour jails and for improvement in the management of many of them.
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Measures to cany out these objects I would gladly see. But, doing so mucli, I

would still both retain in tins as in other things the services of the many experi-

enced local magistrates who in this country give so much time and attention to

local business, and leave a considerable latitude for some variety of treatment and
some facility of experiment in regard to the treatment of criminals.

I do nol attempt to go into further detail on these subjects. I am sure that it is

betterthat I should not detaiuyoulonger, but should give place to the many interesting

papers which will illustrate this Section, and which will, I trust, lead to many im-
j)ortant discussions. If the scope of this Section is somewhat wide and perhaps
less defined than that of other Sections of the Association which deal with more
precise branches of science, it at all events includes a variety of subjects of much
practical and immediate interest. If only on the subject of silver currency some
light can be shed, great good will be done. That subject will be treated by very
able hands ; and we shall have the advantage of men of great pi-actical knowledge
in discussing it. Other subjects I might mention which will be brought before j^ou

in papers of great interest ; but they will speak for themselves, and I need not
enumerate them here.

Agricultural Statistics. By William Botly.

The author stated that this was a continuation of a previous paper " On Agri-
cultural Statistics and Waste Lands." The antiquity and utility of agricultural

statistics in the far East, where thej^ operated as a stimulus to production, gave a
knowledge of their resources and averted famine. The elaborate system thereof
now adopted in our Australian colonies lie considered worthy of imitation by the
United Kingdom and all its dependencies, remarldng that the entire cost of the
Bengal famine (£0,588,000). with the saciitice of life and its demoralizing effects,

might have been prevented had a thoroughly good mcord of cultivation and its

outcome been in operation in India. Of the acreage of Great Britain and Ireland

(77,500,000) there were in 1875:—

In corn crops 11,.390,0.30

Roots and green crops 5,057,029
Flax, hops, fallow, and gi-asses under rotation 7,085,128
In permanent grasses, exclusive of heath and mountain-land, 23,773,002
Unaccounted for 30,185,211

Total 77,500,000

Cattle 10,162,787

;

increase in three years 444,282
Sheep 3.3,491,948; „ „ „ 1,245,306
Pigs 3,495,107

;

decrease „ „ 682,833
Horses .... 1,875,851; „ „ „ 58,020

The decrease in pigs is accounted for by the high price of barley «S:c. The import
of grain, flour, and meal in the fifty-two weeks ending August 25, 1870, was
116,018,504 cwt. It is estimated that we import about half the corn we consume,
and 14 per cent, of our consumption of .meat alive or cured. We consume
33,097,783 cwt. of beef, mutton, pork, hams, and bacon. Estimating the popula-
tion at 33,000,000, each man, woman, and child in the United Kingdom consumes
aununlly 114 lbs. weight of meat, exclusive of poultry, fish, game, and rabbits.

With reference to waste lands the author advocates legislative encouragement and
security for the outlay of capital, with skill and enterpiise in their cidti^ation,

where there was a reasonable prospect of a profitable residt. The returns showed
an increase of 171,479 acres in cidtivation on the preceding year, which, as far as it

went, was satisfactory. In conclusion, he observed the present tin;e is favourable to
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its extension : the people emigrate who are willing to work, sanitation asks and
supports it, political economy requires it, philanthropy suggests it, the money-market
favours it, tlie rate of discoxmt being but 2 per cent. "When capital and money
is a drug at 1 per cent., how can we better employ it than in the increased and
improved cidtivation of the soil, with the invaluable satisfaction of giving healthy
employment to tens of tliousands of the people, and permanently increasing the
value of our property both individually and nationally ?

The Economy of Penalties.

By the Eev. John S. Burt, Chaplain of Broadmoor Asylum.

The problem which economy is called upon to solve, stated in its simplest terras,
is either to achieve a given result with the least possible expenditure of force, or
with a gi\en amomit of force to achieve the greatest possible result.

But the problem is seldom presented in a f<3rm so simple; either the greatest
attainable residt is not known, or the available force is not determined, while vari-
ations in the force used invohe compUcations with other forces, and therefore also
complicated residts. Accordingly the problem generally assumes this idterior form :

when the cost of the force used is deducted from the value of the result, to deter-
mine the point at which the excess of value is greatest.

This is the form which the problem ultimately assumes in the economy of
penalties.

I.

The result to he attained at in the use of penalties is by no means determined.

_
The general opinion is that penalties ought to be aimed at the complete repres-

sion of crime. This opinion was countenanced by Archbishop Whately and by •

Mr. Beutham ; but this opinion is inexact and misleading.
Lawlessness in a popidation is restrained powerfully by other moral forces ante-

cedent in their action to penalties. Penalties are a supplemental force ; they are
thrown in as " make-weights."
But the incentives to crime which overpower those other antecedent forces

coimteract also the action of this supplemental force. It is a matter of imiversal
experience that the complete suppression of crime is impossible.

]3etween what is effected by those antecedent forces and what camiot be effected
by this supplemental force there hes an undetermined amount of preventible crime.
The prevention of more or less of this preventible crime is the residt which ought
to be aimed at by penalties.

The amoimt of preventible crime, and the point at which the crime-rate is affected
by an increase or a decrease of penalties, is to be found by a study of what may be
called C07nparative criminality. There are great fluctuations in the rate of" the
commitments to prison among the population generally aiul in different localities.

But these fluctuations do not foUow inversely an increase or a decrease in the use
of penalties ; on the contrary, for more than half a century the amount of crime in
its graver forms, and the severity of pimishments for them, have gone on decreasing
concurrently. This is evidence that heretofore penalties have been used in excess
of their proper deterring power.

Of the cost of penalties.

In an economy of penalties there are three subsidiar}- economies—namely, an
economy of pain, an economy of labour, and financial economy.

In this paper the economy of pain is alone treated of. Until the exact point is

found at which the amount of crime varies inversely with the increase or decrease
of punishment, the problem is to keep crime at a given level with the least possible
expenditure of pain.

The infliction^ of pain in excess of what is necessary is cruelty. States canni^t
lessen the happiness of thousands of the popidation ty severe penalties without
incurring heavy costs to the nation. There is a lessening of loyalty, and there is

often a revulsion of feeling produced against the Government. There are more
than 150,000 commitments to the prisons of England and Wales every year.
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There are more than 27,000 persons lying in those prisons constantly. If from
arriving at a mistaken result one third or one haK of these persons are kept in

prisons in excess of what is necessary, the amount of the nation's happiness is

lessened to an extent by no means trifling.

In admmisteriug the penalty of imprisonment, the economy of pain leads to a

conclusion in favoiu- of compressing the penal element into shorter periods of time

under a rigorous separate discipline, instead of expandmg it over longer periods of

time in association.

The longer sentences tell upon the faculties of prisoners ; the severe discipline

does not.

The popular opinion that a separate discipUne camiot be prolonged beyond twelve

months is founded on error. The objection shows that the principle of the separate

system is not correctly understood. The evidence is conclusive that a separate dis-

cipline may be enforced for long terms with perfect safety. Now and then injury

to the mind may be produced, but the cases ought to be very rare. Injury both to

mind and body will occasionally result from any form of se^-ere punishment ; even

cm'ative processes sometimes do great injury.

The use of chloroform is occasionally fatal ; but this does not overthrow the use

of it. If at any hospital the deaths from it were frequent, this woidd be evidence

that it was not admuiistered properly. It is the same witli the separate system of

prison discipUne.

The economy of prison laboiu- and financial economy are necessarily passed over.

If the principles ad\'ocated in the former papers were acted U2:)on, one third or

one half of the cells in county and borough prisons woxdd be left vacant.

If the principles ad\anced in this third paper were acted upon, those vacant cells

woidd be filled with prisoners undergoing penal servitude, and the convict prisons

wnidd be nearly emptied.

Further investigation of these principles is incited. It is submitted that they are

based upon laws of man's moral nature, whicli govern even go\ermnents, and which
states cannot contravene with impunity.

On the present extent of Slaveri/ and the Slave Trade, with a reference to the

Progress of Abolition since the close of the American ^Var. B// the Eov.

AA.RON BUSACCTT.

.Slavery now prciailed in Turkey, Egypt, Persia, Tunis, Morocco, Madagascar,
Portugal, Spain, Brazil, Affghanistan, and in the dominions of the Seyyid of Zan-
zibar, and amongst the different tribes of East and Central Africa. Every contment
shared in this great crime. In Turkey it was a vast national institution, degrading
the dignity of labour, demoralizing domestic relations, and paralyzing the iuiiuenees

of modern civilization. Portugal had the will but not the power to aboUsh slavery

throughout her territories. From GOGO to 10,000 slaves were annually conveyed
from the Portuguese coasts of Mozambique to Madagascar. Spain stood alone

among the nations of Europe in resolutely maintaining slavery in Cuba. At the
lowest estimate it was computed that 70,000 Africans yearly crossed the sea into

slaA'ery ; and, accepting Dr. Li\ ingstone's estimate of the numbers massacred by
slave-himters and perishing on the route to the sea-coast, it was computed tiiat not
less than 500,000 were annually sacrificed. The author questioned the efhcacy of

having treaties for the suppression of slavery, when these were only meant to

worry petty Arabs or African chiefs, or the Seyyid of Zanzibar, while other and
stronger nations were left to do what thej^ wished. lie then pointed out that at

tlie close of the American war 4,000,000 of slaves were set free, and he was glad
to say that ^"Vmerica at this moment was more se^-ere against complicity in slavery

tlian e-\en English law. And now that America liad lent lier influence on the side

of the slave, he thought there would be no difficult}' in abjUsliing slavery. Por-
tugal had desired tliat the slaves in some of her islands should be free, but it was
questionable whether the decree was in any measure operative. Tlie Queen of

Madagascar in 1874 issued a proclamation granting freedom to all sla-ces imported
since .lune 1805 (^the date of the treaty with Great Britain, America, and France)

;

I
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but there was no evidence that one slave had been freed through that proclamation.
Even so late as last year Arab merchants openly exposed slaves for sale in the
capital, and no attempt had yet been made to give freedom to the masses of slaves
who were natives of Madagascar. After referring to the exertions made by Dr.
Kirk, tlu-ough whom the Sidtan of Zanzibar had been brought to make the treaty
with England, he said that, according to Lord Derby, the Foreign Office was in

communication with the Turkish and Egyptian Governments with a ^iew to the
.suppression of the sla'*e trade. Thus far has the sla^e trade been abolished ; but
the progress of this movement depended entirely npon a strong public opinion.
Circumstances were propitious, and an earnest eflbrt might now realize all the
sacred conditions of British freedom.

On some SjiecUd Evils of the Scottish Poor Laiv. By Alex. M'Neel Caied.

The author, after referring to the position of the poor people before the dis-

ruption, and the fact that in some measure it led to the passing of the Poor Law
Act of 1845, said that in Scotland the parish minister and live of his elders were
entitled to hfe-seats at the Parochial Board for managing the poor, whUe in fewer
than one in seven of the whole parishes an equal number of members were per-
mitted to be elected by the ratepayers. There were 32G parishes out of 811 in

which the elected members were restricted by the Board of Supervision to a third
of those entitled to seats by reason of ecclesiastical office. There were not a few
parishes in which only one member was permitted to be elected. Thus a perilous
system had grown up of men who contributed little, having the power of spending
the money of ratepayers, who had no "\oice in their appointment and no power to

remove them. The constant \igilance necessary to keep pauperism within bounds
was not liliely to find a place under such a system. Then the advance of expen-
diture for the poor in Scotland was found in 1847 to be £4.33,915, and in 1S75
£7U4,916. Li England, in 1847, the expenditure was £5,298,787, and in 1874, the
latest report, it was £7,(304,957 ; while in Ireland, in 1852 (the earliest report he
could get), the sum expended was £884,200, while in 1875 it was only £771,553.
In Ireland there had been a reduction instead of a growth in the total cost, even
including able-bodied, whei'o the population was only five and a half niilUons

;

whereas in Scotland the popidation was only three millions, and the able-bodied
had no claim on the rates. That was explained by the knowai excess to whicli out-
door rehef was carried on in Scotland luider ecclesiastical managers. Of 176,787
receiving relief in 1874, only 7752 were in the poorhouse ; while in England onl}'

one in five of the poor were put on indoor relief, and in Ireland foity-four were iu
the workhouse for every thirty who got outdoor relief. The independence which
formerly characterized the Scottish peasantry had been undermined and destroyed
through the facility with which outdoor relief had been gi\en. An illustratioii of

the lax management was to be fomid in the extent to which loose women of the
parish—immarried women with children—recei\ed stipend:! from the poor-rates,
enabhng them to live manifestly to their neighbours iu greater ease than others of
their rank. In the Stewartry of Kirkcudbright there were found on the roUs eighty-
seven dissolute women having 207 children, of whom only three women ha\iiig
eight children were sent to the poorhouse. One parish in that county stood among
the highest in Europe for bastard}'. In January 1875 there were in the southern
district of Scotland alone 741 women with 1473 illegitimate children receiving
parish rehef; and in another di.-trict, in May 1875, there were on the outdoor roll

330 cases of single women with illegitimate children. Coidd it bo wondered, there-
fore, that mider such a system, patronized by the Church and its ministers—unde-
signedly no doubt, but very ellt'ctually—the growth of immorality in Scotland
should have become so appalling. Tid anybody beHe-\ e that if the management
were substantially in the hands of Christian men, elected by those who provided
the funds, that such a system could live for three months '^

Another evil Avas the area for lating and settlement. That in Scotland was
limited to parishes: in England there were only 047 of such areas, while in Scot-
land there were 804. In Ivigland tlie papulation to each area wa-i '5,972. while in

1876. 18
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Scotland it was only 4280 ; and London, with a population equal to Scotland, had

only thirty. Nearly one in three of these areas in Scotland had fewer than 1000

inh'ahitants, and every tenth parish fewer than 500. That caused a great inequcality

of rating between neighbovuing parishes, and a multitude of petty administrations

with limited views and increased expenses, and continual interparochial conflicts.

As an instance of that, he mentioned that in the Barony parish of Glasgow alone

there were commonly between 2000 and 3000 undetermined cases of settlement.

Again, the law of settlement was adAerse to freedom of liberty, and the effect of it

was that a man whose settlement was in a small parish was practicahy limited to

the inhabitants of that parish to find customers for his labour. It operated by

creating a fictitious interest, in every land- or house-owner, farmer, and ratepayer

feeling it their duty to prevent a man' being in their parish long enough to obtain a

settlement there. The field for a labouruig man was therefore physically limited to

narrow bounds roimd the place where he lived, and any arrangement which artifi-

cially increased his difficidty in obtaining a house in another district, where he covdd

have steadier work and better wages, was a source of oppression to him. The law

of settlement in narrow areas had led to the pulling down of houses and restriction

of the accommodation of labourers in county parishes in Scotland, and one result

of that was that nearly one third of the whole people of Scotland lived in houses of

one room. That was' a fact which required to be enforced on the Legislature, in

order that -wider bounds of settlement might be adopted, as had been done elcA en

years ago in England.

0)1 tJie part in the Operation of Cajntal due to Fixed or Limited Amounts
invested in Trade. By Hyde Clarke, F.S.S.

The author stated that it was popularly considered that capital in its excess or in

its deficiency was uniform in its influence in all branches of commerce
; and he

called attention to branches of trades wherein the amount of capital indicated could

not practicaUy be increased. A ready-money tradesman, as a baker, might be

quoted as an examjile ; and the total of such operations was large. Li England,

France, and Germany there were a number of persons engaged in such trades, the

savings of which in times of prosperity went to form a fund for the larger opera-

tion,? of commerce, and the distiu'bance of which aggravated the severity of a period

of pressure.

On recent attempts at Patent Ler/islation. By St. John V. Day, C.E. ^r.

The author holds that the Lord Chancellor's Bill of 187G is entirely contrary to

what is wanted for the maintenance of an eflicient Patent Law ; he points out the

insufiiciency of the numbers of examiners for which the Bill provides. Examina-
tion can be and ought to be effectually carried out.

The paper contains statistics for the requirements and practice advocated,

shows on what grounds it is desirable to maintain the existing practice of granting

provisional protection upon the filing of a provisional specification ; the practice of

preparing abridgements is unnecessarj^, and series no practical end, as in all cases

it is essential to refer to the complete specifications themselves.

The author also discusses the clause of the Bill dealing with what the examiners

are to report upon, compidsory licenses, &c.

On (he Importance of extending the British Gold Standard., with subordinate

Silver Coins, to India as a remedy for the inconvenience in India of a rapid

Depreciation of Silver. By W. N'eilson Hancock, LL.D.

It was obvious to those who had read the report of the Committee on the Depre-
ciation of Silver that the British currency occupied an exceptionally satisfactory

position for meeting the great fluctuation in value which silver was undergoing.

In India, under the government of the East-India Company, the primitive arrange-

i
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mcnt of a silver standard was allowed to remain ; and this unsatisfactory state of
matters continued till 1837, when, although a new rupee was established, the use
of silver as a standard was left unchanged. The residt has been that the depre-
ciation of silver has produced a most serious disturbance in the exchanges between
this coiuitry and India, and has disturbed trade and monetary transactions in India
gcner.illy. One of the causes of disturbance was the discovery of the fertile silver-

mines in California
;
and he regretted to say that there was no guarantee against a

further and stiU more disturbing faU in the value of silver, like what took place in

the sixteenth century after the disco-\ery of the silver-mines of Potosi. Had the
assimilation of the Indian and British currencies taken place in 1810 or 1833 no
difficidty would have arisen any more than it had done in Canada or Australia. He
did not think that the change of the standard from silver to gold would involve any
change in the mode of keeping accoimts in rupees. All that was required was to
fix the proportion at which a sovereign would be a legal tender. As to the desira-

bility of such a change he thought there could be no doubt ; and had the change
been made when the value of the rupee was two shillings it would have been easy,

as a sovereign would then have been exactly ten rupees. To remedy the evil, the
author concluded by expressing a desire that a reformation of the coinage and an
assimilation of the currency betAveen this country and India should take place
during the reign of Her Majesty, as in that way the sovereignty of the Queen
would, in the circulation of British rupees and British sovereigns, marked with their
fixed proportion of rupees, be associated in the mind of every native of India with
the lasting benefit conferred on himself and his countrj'.

On Savings' Banls as a State Function develoijed hy Clvcmty Organization.

By W. Neilson Hancock, LL.D.

The results submitted to the Section were ;—That now the perfectly safe places
for the savings of the poor are provided by the State m such numbers, and for such
long Lours, and under such convenient arrangements by the Post-Oilice Savings'
Banks, the object for which charitable Savings' Banks were established has been
fulfilled, and these institutions have become imnecessary and are a waste of cha-
ritable effect.

That the State shoidd withdraw its connexion with them, as the State has only
imperfect and divided control, as the limitation of liability of the charitable pro-
moters makes the security imperfect, and as it is bad teaching for the poor to offer

them a bounty at the public expense to invest their savings in less perfect secmity
than the Post-Oflice Savings' Banks.

That the vohmtary closing of charitable Savings' ]3anks is going on too slowly,
owing to the too limited provision for the compensation of the paid officers.

That the State woidd save £140,000 a year immediately, and as the paid officers

died or retired would save £280,000 if the system of official audit in Ireland were
extended to England and Scotland, and aU the Trustee Banks and officers, as soon
as the audit was completed, were taken over by the State.
That tlie ser-\ices of the charitable promoters and honorary officers in instituting

the general system of Sa-\ings' Banks for the poor, which the State has been so long
connected with, and the great profit to the State of immediate and complete con-
version of charitable SaAings' Banks into Post-Oflice Sa-\ings' Banks, makes it a case
where complete security of serAice or compensation to the officers would not only
be morally

J
u.st, but economically advantageous to the State.

On the Memorial of Eminent Scientijlc Gentlemen in Favour of a Permanent
Scienfijic Museum. By J. Heywood, F.Ii.S.

IS*
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Hie Results of Five Years of Compuhonj Education.

By "William Jack, LL.D.

In this paper the author did not propose to discuss the question whether the quality

of elementaiy education in this country has improved or deteriorated in conse-

quence of the introduction of conipidsion. Few inquiries would be more difficult.

There is no absolute standard of quality. He used the word results for two things

which can be measiu'ed in figures :

—

(1) The change in the number of children attending efficient elementary schools.

(2) The change, if any, in the regularity of attendance at school.

In the EngHsh Education Act of 1870 the Government, for the first time, sanc-

tioned the principle that wherever the school boai'd of a locality believes that chil-

dren ought to be compelled to attend school, parents may be compelled to send them
under penalty of fine or imprisonment, subject to such bye-laws as the school board

may enact.

Since that time school boards representing a population of nearly 12^ millions of

people in England and Wales have passed and worked compidsory bye-laws. Com-
pulsion is now adopted by forty-six per cent, of the whole popidation of England
and Wales, and by eighty-two per cent, of the borough population.

In the new Education Act of 1876 England has adopted the principle of imi-

versal compulsion, creating a school attendance committee where there is no school

board, and enjoining that committee or the school board of the locality to make and
enforce bye-laws and otherwise carry out the pro^ isions of the Act.

They are briefly these :

—

1st. It is declared to be the duty of eveiy parent to see to the elementary educa-

tion of his child above five and below fourteen.

2nd. No employer is permitted to employ
(a) any child imder ten years of age, with certain (no doubt considerable)

permitted exceptions ; or

(V) any child o^er ten and up to fourteen

without a certificate either of education or of previous attendance of a due amoiuit.

These provisions will come into force fully in 1881.

After giving the general results for the three countries the wi'iter proposed to look

.somewhat more in detail to the results of the application of compulsion in the large

cities, which are tyi^es of 82 per cent, of the borough population of England. The
Act of 1870 decreed a school board for London. The first step which llie board

took was to discover the actual school supplj' in the metropolis, and to malve a rea-

sonable estimate of what was wanted. The CT0\ernment theory was, that accomo-
dation ought to be provided for one in six of the population. After malring allow-

ances for the middle and \ipper classes, and for the necessary absences, the School

Board of Londim decided that a supply for one in eight of the population was enough
to provide for (lc7nentayy schooling in its district. Accordingly it was necessaiy to

have accommodation for 420,000 children, the population in 1871 being approximately

.3,.350,000. The Board found schools existing in 1870, or erected or projected be-

tween that and 1873, for 308,000, so that their first duty was to biuld for 112,000

more children. Many of the existing schools were inefficient ; they had to work
gradually towards the remodelling or uprooting of these inefficient schools; they

had to alter the habit of irregular attendance. Between the spring of 1871 and the

Michaelmas of 1873, two and a half years, they had increased the average attend-

ance by 60,000. At midsummer, 1876, the average attendance had risen to 30.5,749,

an iuci'ease of 131,448 over the spring of 1871, when it was 174,301. Thus in five

years the average attendance on efficient schools has risen by sevent,y-fi-\e per cent.

m the metropolis, against tlie Irish eight per cent, in five years. Besides this there

were 42,C00 in non-efficient schools, which is 12,000 fewer than in the previous

year. There were 87,000 who ought to have been at school, but who were absent

from various causes at Midsummer 1876. This official estimate of deficiency is

fomided on the theoiy that 575,000 children between three and thirteen require ele-

mentary teaching— say one in six of the population. But the School Board of Lon-
don do not think it necessary to provide school accommodation for more than 440,000
— say one in eiglit : and in fact they have pro^ided, up to llie end of 1876, for

<
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420,000, which was their original estimate of existing deficiency. They have only

to provide efficient schools for the children representing the increase of population

since 1871.

The change wrought since the foundation of the School-Board system is thus

enormous. Considering the number of untrained children drawn for the first time

within the School-Board net the regularity of attendance secured is also very re-

markable. It was 7h ])er cent, of the roU iu Midsummer, 74^ per cent, at Christmas,

1875, 7G^ per cent, at Midsummer, 1876—rather better than that in Scotland ; and

these residts are to be compared with the 67 per cent, of Ireland, where there is no
compidsion, and of all England, where it is only partial.

Of the 87,000 not attending school in the metropolis I must add that G.'},000 are

luider ti-\-e, an age when we in Scotland scarcely think of sending children to school

at all. The infant-school system is, it is well knoAvn, much more developed in south

than iu north Britain.

For the sake of simplicity I lla^•e neglected the varying increases of population

in the large towns. To take it into account would introduce no material change in

the comparative figures, and veiy little change of any kind.

It remains for us to look at the diirJc side of compulsion. In London two pre-

limmaiy notices precede the parent's simimons before a magistrate for neglect of

his children. These warnings generally have the efiect desired. Thus there were
35,000 A notices iu last half-year, which brought l.'ijOOO to school, or made them
more regular ; then there were 23,000 B notices ; these were followed by 3990 sum-
monses and by about 3400 fines. At that time in London 150 people were sum-
moned and 130 people were fined every week for neglecting the education of their

children. The cost of this machinery for the year is £24,000, being Is. 7cl. per head
per annum on the average attendance secm-ed. But the cost, hea\y though it is,

seems to me scarcely worth coimting compared with the feehng amongst the poor

which I should expect these prosecutions to create. There is no sign, however, that

the efficiency of the present compidsory action is diminishing. The addition to the

attendance in the half-year ending Midsummer, 1875, was 17,600. In the half-year

ending Christmas, 1875, it was only 1400. But the winter was an exceptionally se-

vere one, and the increase in the haK-j^ear ending Midsummer, 1876, has again risen

to 17,252.

Figures and percentages are apt to leave rather a Aague and shadowy impression
;

and it may help to realize the difficulty as well as the extent of the problem practi-

cally pre>ented to school-board officers if I take four instances at random from the

repoi t of the London School Board. They seem to me to throw a vivid light on
the infinite variety of domestic and social entanglements in which the enforcement
of compidsion inevitably involves us.

" Richard Iluf t was summoned for Richard, nine. The lad is a very bad one,

and was rapidly going to ruin. The father haviiig arranged with some friends in

the country to take charge of him in the future, the summons was withdrawn' upon
payment of costs."

" Tomlin. In this case, notwithstanding that fines were imposed, and a warrant
appHed for and granted for the apprehension of the defendant, no good result en-

.sued, as the warrant officer was unable to apprehend the father, who worked in the
countiy, and seldom or never returned home except on Sundays. Application was
made to the magistrate for a summons against the wife, on the ground that she had
the ' actual custody.' This was granted ; but she removed, and the •\ isitor has been
unable to ascertain her address. She probably went into the country."

"Richard Ravmond was summoned at Lambeth police-court for neglecting to

cause his son ^^ illiam to attend school. The father stated that the boy had been
refused admission on account of an impediment iu his .speech. In order that in-

quiries might be made Mr. EUison adjourned the case for one week, when the state-

ment of the father being proved false a fine of 2s. and costs was inflicted."

" Henry Warner, summoned for his son, aged ten, pleaded that it was no fault of

his, that his wife was master of the situation, and woidd not let the lad attend

school. Case was adjourned for inqmiy, which resulted in establishing the fact that

the defendant was certainly not the master of his household ; but the magistrat»

«aid he ought to be, and fined him."
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A family like Rust's shifts its residence out of London. The case drops out of

the cognizance of those who ha-ve long been watching it, and new officers have to take

it up from the very beginning. Tomlin's father is never at home except on Sim-
days ; and when the school board officer summons the mother, who has " the actual

custody," JNIrs. Tomhn slips through his fingers like an eel. Raymond's father pre-

tends that he has an impediment, and that schools won't take liim in. Poor War-
ner has a wife who won't let the lad attend school, and won't let Warner send him
there. There are forty cases for every one of these eveiy week ; two thousand

times as many of such stories are told annually before the police-courts of London,
every one of them with some ingenious variation of pretended excuse, or some
miserable and perplexing real difficulty.

The statistics of Liverpool are as follow :—The cost of compulsion is about 2s. per

child on the roll (about 'ds. per child in average attendance), which is about twice

what it is in London. The increase in the average attendance on public elementary

schools in five years is from 3.3,827 to 41,192, being 21 per cent., as against the 8

per cent, of Ireland or the 75 per cent, of London. The average attendance has

fallen from 70 per cent, to 64 per cent, of the number on the roll, which is very sig-

nificant of the class of children brought in by the compidsory clauses. Besides the

public schools the authorities of Liverpool estimate that there were 10,058 on the

roll of all other elementary schools in 1871, and 14,.300 of aU others iir 1875. Liver-
pool has advanced, but very much more slowly than London. It started very

much better than London did, and had far less leeway to make up. It is difficult

precisely to compare its present educational position with that of London, because
the non-public schools occupy much more of the ground in proportion than in the

metropolis. Its population was 493,000 in 1871, and there were 14,000 seamen be-

longing to the port. So far as school attendance goes there is probably little now
to choose between the two cities.

In Liverpool great attention is paid to the working of compulsory bye-laws. In
the year ending October 1, 1870, 6182 notices were issued to parents, and 1817 pro-

secutions took place in consequence. This woidd correspond to about 12,000 in Lon-
don, the rate there being 8000. Before the parent is prosecuted parents are brought
by the notices to meet a member of the board and the superintendent of visitors,

and such meetings are held two or three times a week. For instance, the author is

told, " In one small district, having about 2000 children, the parents of 355 were
brought before a member of the board, and the present result is that 124 are regu-

lars, 11 are delicate, 10 ha^e removed, 6 are over age, 1 has been exempt, and there

are 203 who are still irregular ; 24 of these have been summoned more than once.

Those from the 203 who are still irregidar who have not been summoned are not
considered irregular enough for a summons."
The statistics of Manchester are somewhat similar to those of Liverpool. The

Manchester attendance returns were first collected by the board in December, 1871.

At that date the average attendance was 26,328, and the number on the roll was
39,240. The last quarterly returns for the quarter ending .lune, 1876, showed
32,220 children in average and 50,461 in roll attendance. Thus in 4^ years the

average attendance has risen 22^ per cent., or 5 per cent, per annum. The popula-

tion of Manchester has remained practically stationary during the time, so that the

same extent of increase was not to be expected as in the case, for instance, of Glas-

gow and of London. But the general effect on the results of making the allowance
would nowhere be of very great importance.

The regularity of attendance may be measured as usual by the proportion which
the average bears to the roll attendance. It was 67 per cent, in Manchester before

compidsion, it is now 64 per cent. ; and the change signifies that a new class, whose
attendance it is unusually difficult to secure or to njake regular, has been brought
into school. Attendance in Manchester has not fallen much under the pressm'e of

the compidsoiy law ; but it was not higher before, and it is a Httle lower now than
the average for all England and for Ireland.

The compulsory powers of the School Board are extensively used in Manchester.
The clerk of the Board tells me that the recent average is seventy or eighty cases

brought before the magistrate per week. The pressure is exercised on two grounds
—non-attendance and irregular attendance ; and the board at present aims to con-
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strain children to give at least 80 per cent, of possible attendances. The population

of Manchester is 351,000, so that seventy per week—say 3o00 per year—represents

one prosecution for every hundred persons. But this rate is only the existing or re-

cent rate. In the whole of 1875 there were only 1039 prosecutions—say 20 per
week, or 1 in 340 of the population. The author supposes that the increased acti^ity

of prosecution is largely due to the rise in the increased number of attendances,

from 50 to 80 per cent., required under recent bye-laws, in the last week of which
he was told the prosecutions anioiuited to as many as 130, which is pretty much the

same as for the ten times more populous city of London. lie does not know the
expense of school-board prosecutions in Manchester. Both in that city and in

Liverpool the attendance seems to have become slightly less regidar under compul-
sion.

In Birmingham the results are veiy remarkable. The city was the head-quarters

of the Education League, and that powerful and intelligent organization influenced

the School Board. Noblesse ohlige. The first Birmingham board felt itself bound
to show what educational zeal could do. In December 1871 the a\erage attend-

ance in pubhc elementary schools w'as 16,263. Compidsion was not resorted to till

May 1872. Then and since then the average has been :

—

December 1871 16,263

May 1872 20,028

„ 1873 28,035

„ 1874 30,339

„ 1875 34,718

w 1876 38,817

Thus in 4^ years the apparent increase in Birmingham has been 138 per cent.

"When account is taken of half-timers, according to the modes of computation of the

department, the increase in these 4^ years is the prodigious one of 150 per cent. In

additi<in to tliis the proportion of average attendance to the roU attendance has risen

from (j'2 to 70 per cent. Tliese magnificent residts make the record of the first two
school boards of Birmingham memorable in the educational annals of England.

They have not been obtained, howe-\er, without great exertions and severe pressure.

Since May 1872 prosecution has been resorted to in 7515 cases, an average of 1000
aranially. At that rate the annual average for London with its 306,000 of atten-

dance should be 17,000 instead of 8000. Birmingham manages compidsion cheaply.

Prosecutions used to cost them £1000 anmiaUy ; they now cost, under a system of

specially reduced fees, only £300. But the chief expense of compulsion in Loudon,
and probably everywhere, is due to the staff of visitors. The mere legal expenses

of compulsion in London were imder £-300 in the half-year ending Midsmnmer, 1876.

The compidsory action taken in London, Birmingham, Manchester, and Liverpool

is very stringent. Li London there is one prosecution annually for e'sery 450 of the

popvdation ; in Birmingham about one for every 200 ; in Manchester about one for

every 100 at present, and about one for every 340 in 1 875. To the author it appears

doubtful whether the poorer classes wiU long endure such a pressure with patience.

As the con^•iction of the necessity of school attendance and the habit of obedience to

the law deepens in the masses of the people we may hope, doubtless, that the same
results, or others e\en more satisfactory, may be obtained at a far lower cost of legal

process, with all tlie hardships and harassments which it involves. But it is dilh-

cult to believe that so much pressure is necessary.

In these respects the procedure and experience of Glasgow are in remarkable con

trast vdih that of England. The authorities started two years later than in Eng-
land ; and as new schools have often to be built before children can be driven to

school, the first years of compidsory action are always the least effective. The re-

sults are these. In inspected schools, and not mspected efficient schools charging the

same as board schools, there were

30,103 in average attendance in 187;5

36,568 „ „ 1874

42,075 „ „ 1875
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The rise in two years lias tluis been 12,572, or 42 per cent., a rate almost as remark-

able as that of Birmingham. The percentage of a-^erage attendance to roll attend-

ance amounts to

79 per cent, in 1873
7G „ „ 1874
78 „ „ 1875

which is still more remarkable. The latest results (October 9) are that Glasgow
has managed to raise her average attendance to 84 per cent, of the numbers on the

roll. Some not inspected efficient schools are included in these estimates ; but they

are a small fraction of the whole, and their exclusion would not materially alter the

proportions of increase. They account for about .3000 children. Settmg them
aside, indeed, we shoidd ha-\e an increase of 50 per cent, in the two years in the in-

spected schools, which is nearly quite equal to that of Birmingham.
The remarkable pait of the case of Glasgow is the manner in which the compul-

sory clauses have been worked. The Glasgow secret is very simple. The board
goes down among the defaulting parents, holding frequent meetings in their ovsni

locaHties, to hear the stories of the poor and to persuade them for their own and
their children's good. They try every thing before they prosecute. They distribute

ily-lea^es copiously, narrating the facts, so as to make every actual prosecution go
as far as possible in persuading other people. Gentleness woidd be useless without
iirmness, and the Glasgow board has not worn its sword of justice altogether in

vain ; but it has shrunk from prosecutions with an energy and a success which, now
that compidsion is to be uni^•ersal, it is hoped we may see widely imitated. In some
riu'al districts, and perhaps with sensible women for compulsory ofhcers, prosecutions

ought to be almost unnecessary. The fact that the law is in the background ought
tliere, at least, to be generally sufficient.

The name of the con^ ener of the Glasgow School-Board School Attendance Com-
mittee win long be lield in honour for a work imique in its character and in its suc-

cessful residt. In the three years of his reign the School Attendance Committee
has dealt with 20,515, less by removals 2819, and exemptions 1684—say 10,000 de-

faidting parents. Of these, 8000 sent children to school after a remonstrance and
personal warning by N'isit of the officers ; 5800 more went to school after notice

sent to them warning them of the possibility of prosecution following that notice.

The members of the school board themselves met with the defaulting parents on
eighteen separate occasions, and 1400 children of the balance of nearly 2200 were
sent to school in consequence. Only 51 have been pi-oseoitcd durin;/ the three years

of the action of the Board. E^ery thing is done to avoid prosecutions ; it is only
when every thing else fails that they are resorted to. The ratepayers' money is

saved, the goodwill and the consciences of the people are enUsted in education, the
work of future boards is made infinitely easier, and attendance more regular than
elsewhere has been secured. No part of the labour of the Glasgow board has been
more profitable than the eighteen meetings held witli defaulting parents, in different

parts of the city where the people live, between February 1874 and January 1876.
There were 18-34 parents summoned to meet the board, representing 2269 children.

All but 250 of the parents answered. The board divided itself into fragments, each
sitting separately, and in the whole of a long day getting through about one htm-
dred cases each. Mr. Mitchell has shown how to meet the greatest difficulty of the
compulsory system. His is a Idndly and patriarchal government. Parents are, so

far, reasonable creatures, and an ounce iif gentle but firm persuasion seems to go as

far with most of them as a pound of punishment. Even if, on a review of the whole
circumstances, it might seem desirable, it might in some cases be difficidt to go back
on the decided steps wliich have been taken ; and these steps, it must be remem-
bered, have been fairly effectual. In London and Birmingham the residts obtained
are undoubtedly satisfactory, and in Liverpool and Manchester they are consider-

able. The author does not pretend for a moment to criticise the action of men to

whose admirable labours this coimtry and these great communities are deeply in-

debted. He has no wish to make out percentages of credit for the different com-
munities and school boards. If he did he should certainly ha-\e to take account of
an infinitude of circumstances which he has neglected here. He is deahng only
with actual residts. But nobcdy will doubt that persuasion, with punishment in
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the baclign'ound, i.* a better way than punishment if only it he a possible -way ; and

Mr. Mitcliell has .shown that it is possible in (ilasgow, whate^•er may be the truth

witli regard to other great cities which ha\n acted more strictly. Half the country

comes now, for the first time, under compulsory laws ; and we may hope at least to

disseminate education as widely as in Glasgo^^" by the same wise and benevolent

effort among a willing people.

Compulsion co.-ts far le.ss in ]iropoition in (ilafgow than in Liverpool—about

Is. 2d. per head cf the average attendance, in.'-tead of Is. (kl. in London and os. in

Liverpool. The amount, which is £-2400 instead of £o700 per annum for Liverpool,

is con.siderab]e, but it is less than that incurred by more stringent action. The pro-

cess has so far been equally eii'ectual, and it cannot fail to leave the poorer classes

in favour of, whereas the otlier mode of action may, one fears, leave tliem hostile to,

education. The author in conclusion said :

—

Tliere are few presentations of statistics to which some objection may net be

taken, and the educational statistics of the large towns under school boards, and of

the country so far as it is under the official cognizance of the Privy Council, can

form no exception. Some private adventure schools for the classes that need ele-

mentary education still survive, and a few of them may be efficient. It would

scarcely affect my figures, the main value of which is comparative, if I attempted

to estimate these" additional elements in the problem on the inadequate data which

are alone accessible. If we confine ourselves to the broad general conclusions whicli

lie on the surface of the figures I have given, I think we cannot go very far wrong.

I throw together the results for the five cities :

—
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statutory offences according to an arbitrary definition. They create and, as it

were, authorize a recogiiized minimum of attendance. The Birmingham board have
no minimiun named, and are therefore much in the same position as the Glasgow
board. Their bye-laws require perfectly regular attendance, and they enforce them
at their discretion. Perhaps the Glasgow board and the other Scotch boards could
not if they had wished have prosecuted as frequently as their neighbours in England.
Mr. INEtchell thinks so, and believes that a very great deal of the greater leniency
and the smaller amount of prosecution in Scotland is due to the more lenient spirit

of the framers of the Scotch act. lie is most probably right ; and one of the main
points to which I hope that this discussion may dii-ect the attention of school boards
is the policy or impoUcy of Aery numerous and stringent bye-laws. But I must
again disclaim any wish to assign credit to individual boards, or to seem to sit in

judgment on their conduct.

I think that my figures conclusively pro^e that the best results, both in increased
quantity and regularity of attendance, are not necessarily connected vnih. the
strictest working of the compulsory law. Manchester, which seems at present to be
strictest, and Liverpool, which is third on the list, are lowest in both respects. Bir-
mingham, -which is second in strictness, is highest in increased quantity as well as
in actual amomit of education, and third in respect of regidarity of attendance, which
has risen there in a remarkable degree. London, which seems most lenient of the
four great English cities, has increased education much more rapidly than Manches-
ter or Liverpool, though it seems to have now reached very much the same level in

respect of quantity. It has a more regidar attendance than either of these cities or
than Birmingham. Glasgow, wliich in respect of compidsory action by legal process
is almost ludicrously lenient in comparison with the other cities, stands hig-hest in

respect of the regidarity of attendance obtained, and second in respect of the in-

creased quantity of education. Of course neither Glasgow nor any other board can
reap where it has not sowed, and the paucity of legal processes is no sign that the
Glasgow board did not spend an indefinite amount of labour in securing the residts

it has obtained. I am spealdng only of the last resort to the pains and penalties of

law, and I thinli 1 can scarcely be mistaken in saying that my figures almost disprove
the theory that the tighter the screw is pressed down in the way of actual punish-
ment the more effective must the pressure become.

I do not care to press the inferences that the facts I ha^'e collated seem to me to

establish any further than these conclusions :—

•

1. That the need of the comitry for compidsory education was a cryuig need in

1870.

2. That the success of the experiment which has now been tried in Scotland and
in nearly half of England justifies the modest advances that have been made by the
gOAcrmnent in the bill of the present year.

o. That compidsion has been carried out in one great city with perfect efficiency,

and with a very trifiing amount of legal process.

4. That no connexion between stringent Icf/al compidsory action and great educa-
tional residt is indicated by the figures. It is almost needless to say that I do not
suppose that a school board can safely leave the matter to take care of itself.

The Valuation of Propertij in Ireland. By Heney jEPnsoN.

An increasing desire has latterly been CAdnced for the assimilation of the laws of
England and Ireland. Amongst those which shoidd be assimilated are the laws on
the valuation of property. In England and Scotland the valuation is based upon
the rent, in Ireland it is based on the prices of agricidtural produce. Very strong
reasons can be adduced for the revaluation of Ireland. Tlie present valuation has
practically not been revised since it was made, about twenty-five years ago ; the
value of property has, however, changed considerably, and great inequalities exist

as to the incidence of taxation. A revaluation being therefore necessary, it is

recommended that the English and Scotch system be adopted, for not alone is that
system more correct, but by adopting it the principle of valuation of property would
be made similar throughout the United Kingdom. By acting on this recommenda-
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tion we should remove the inequaUties in tlie incidence of local taxation ; we should
also remove the necessity for a large amount of separate legislation for Ireland,

wiiich is entailed by a different valuation, and we should make another and a great

stride towards an object, on many grounds most eminently desirable, namely, the
assimilation of the laws of the two countries.

Oil Physical Education and Hygiene in Schools. By W. Jolly.

On the Organization of Oricjinal Research. By Ecv. Dr. M'CAiOf.

On Spanish Mining, By Don Artuko de Makcoabttj.

On the Depreciation of Silver and a Gold Standard for India.

By Stephen Mason.

The author proposed, as a simple and effectual remedy, the altering of the standard
of value from siher to gold. The substitution of the one standard for the other might
be carried into effect by the following method :—Let the Indian go^"ernment adopt
a gold standard as a measm-e of value as soon as practicable, and without delay iix

a date when aU transactions shall be paid or settled upon a sterling basis for all sums
exceeding ten rupees. This plan did not in^•olve the necessity of altering the cur-

rency of India—a ^ery delicate and difficult operation, as Clermany has found to

her cost. The substitution of a gold for a silver currency in India woidd reqmre at

least £100,000,000 of gold, and entail a loss upon the Indian go^ ernment of not less

than £20,000,000 sterling, possibly much more, besides dislocating the whole money
markets of tlie world, and in all probability lead to a great financial crisis in this

country. This policy shoidd at once be dismissed as impolitic and imwdse.

On the Silver Dilemma. By J. Matheson, Junr.

The well-ascertained facts affecting the question were :—1st, that the price of bar
silver, which for many years previous to 1873 had been sustained with little fluctu-

ation, the average being almost 60^d. per oz., had since that period steadily dechned
(the drop as regarded the present year especially being imequalled), viz. from 56d.

in January to 47f/. in Jidy ; 2nd, that the downward movement was influenced by
a variety of causes, of which the principal were the increased production of silver,

and the falling off or a blank in some sources of demand ; and 3rd, that the extra

yield was entirely accounted for by the increase of the production of the American
silver-mines from £o,7oO,000 in 1874 to £7,400,000 in 1875, with the prospect of a
further increase in the present year.

With respect to the various schemes put forth for a reform of the Indian currency
he described as errors the idea of supposing that the value of the rupee coidd be
raised by legislative measures otherwise than locally, temporarily, and with gross in-

justice towards one section of the commmiity, or that a double standard might be
adjusted and sustained with impunity, or that the mercantile public of India coidd
be forced to import gold for the currency purposes of the country, vvithout being
the victims of a one-sided policj'. If a gold currency were desirable for India the

government alone, following the example of Germany, might fittingly provide it.

The general conclusion was that there was nothing in the existing crisis to war-
rant the demonetization of silver ; and further, that the principal silver-valuing

coimtries, even if they desired to do so, were not pos.sessed of such wealth as might
render the attempt practicable. The question was essentially fraught with imcer-

tainty. He coidd not but think, however, that the more thoroughly we grasped it

the more clearly did we perceive the all-dominating power of those great natural
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laws, any interference with which would produce confusion worse confounded, and
on the operation of wliich we might reasonably rely for relief from the present

emergency if we would only let them alone.

On Overcrowding in Liverpool. By E. W. Pitcher.

On the Educational Vcdue of their Native Language to the Qaelic-sjiealdng

Population of Scotland. By Rev. W. Ross.

The author stated that his experience, which was fortified by that of the govern-
ment inspectors, of Sheriff Cleghorn, Sheriff Nicholson, Bishop Eden, and others,

was that the effect of banishing the use of Gaelic from the classes in English or

Highland schools was that children were taught to read EngUsh fluently enough
without understanding the meaning of what they read. During the past ten years

he had examined ten thousand Highland children, and he was con^ inced that satis-

factory educational results were to b? obtained only by pursuing a different method
from that of excluding Gaelic translation which had hitherto been followed. To
ignore or exclude the native language from the school was to prolong the use of the

Gaelic language (a prolongation against which he did not personally object), and to

do so at the expense of intelligence, education, and cidture. The only way to obtain

an intelligent acquaintance with English in a large section of the country was to

make use of tlie native tongue in explaining the meaning of English terms ; and the

admitted failures in the past were in his opinion to be traced to the irrational method
so long and extensively practised.

Sheriff Courts and Relative Judicial Statistics.

By P. EdssELL, Sheriff-Substitute of lloxhurgh.

The author gave an historical sketch of the Sheriff Courts, which took their pre-

sent form after the rebellion of 1745. At present tlie Sheriffs appointed their own
substitutes, and the aggi-egate salaries of these judges were nearly £40,000 per

annum. The jurisdiction of the courts extended to all criminal offences except the

four jjleas of the Cro\vn ; and during the last three years the number of people

tried in the Court of Justiciary annually was 507, and in Sheriff Courts 2012, be-

sides what were known as summary trials. After the establishment of the Court
of Session in 15-32, the jurisdiction of the Sheriffs in ci^U matters was limited,

though still extensive. The average amiual number of final judgments during the

five years from 1870 to 1874 in the Court of Session was 1280 ; and in the Sheriff

Courts during the same period were—ordinary court 547<^ debts recovery ctnirt

2559, and small debt court 38,458. The appeals to Sheriffs during the last three
years had averaged 527, of which 341 were sustained, 180 received, and 106 mixed.

The Civilization of South- Eastern Africa. By J.vmes Stephekson.

On the Theory and Practice of Accident Insurance by Sea and Land.
By P. M. Tait.

Commencing by about thirty definitions of the word "accident"' according to

various authorities (very usefid information for insurance companies), the paper
treats separately in great detail of ocean accidents, railway accidents, and general
accidents.

As to ocean accidents one curious fact was brought out, that these vary
with the age of the captains commanding the vessels, there being apparently a
certain epoch in the life of a master mariner when danger of disaster is reduced
to a minimum. Other things being equal, passengers are safer to sail under a cap-
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tain cif about 50 than under one of an earlier or more advanced age. Tlie entire

premium to cover increased risk of master mariners is from 80s. to 40«. per cent, per
annum ; that is to saj', if a clergj'man or barrister can obtain insurance on his life

for £100 at a premium of £4, the premium required to insure a master mariner of
tlie same age woidd be from £5 10s. to £6. This is the ratio all roimd, but captains
of Cunard's and other first-rate lines -would of course be insured for less.

As to railway accidents the facts were not brought up to the latest dates. But
it comes out very clearly that the lisk to railway officials actually employed on the
line is excessive. Nearly all railway accidents are remediable, and the chance of
disaster coidd be still vastly reduced by a universal adoption of the block and
interlocking system-, the use of perfect brakes, and other improvements long ago
suggested.

The mortality from accidents generally is a very important and interesting de-
partment of vital statistics. The number of accidents occurring in England and
Wales is reproduced from year to year with extraordinary regidarity, indicating the
operation of a fixed law. Excessive di\ision of labour has a tendency to increase

accidents by the introduction of new machinery, at first often imperfectly under-
stood. The introduction of rinks and bicycles has led to a wholly new class of
accidents requiring special medical treatment.

Insurance offices charge the same premiums against an m:forseen casualty from
the ages 15 to GO. But from -\ery recent data wholly reliable it was very clearly

shown in the paper that the mortality from accidents increases gi'eatly at the
more advanced ages, and that consequently some difference shoidd be made in the
premiums applicable to those ages. It is not that there are a greater number of
accidents at tliose ages, but that there is less power of rallying from the effects of
an accident.

The paper concludes with specimen policies of the different companies, sliowuig
the ri-ik covered and the general conditions of the accident insurance contract.

On tJie Boarding-out of Pauper Children in England. By Wm. Tfliack.

The author said that the system had been adopted for five years in England, but
in consequence of want of information, and an unfounded confusion in tlie public
mind of the system with the obnoxious and wholesale farming out of children with
which so many evils and cruelties were associated, it had not made the progress
which miglit have been anticipated. He wannly advocated the system, more espe-
cially for girls. In contrasting it with the workhouse plan, he drew a vivid picture
of tlie evils attending the association of children with adult paupers who were
often vicious, and with other children, many of whom had been swept from the
streets. In the system of district schools he recognized a great improvement, but
he did not think it was equal, especially in the case of girls, to a system of boarding
them out singly in carefidly supervised cottage homes. But the district school
system was also objectionable on the score of cost. A sort of institution mania had
taken possession of many minds. It seemed to be assumed that both adidts and
children shoidd be gathered in masses and lodged in palatial abodes at the public
expense

;
and parents were tempted, he believed, to suffer their children to go into

these places wliere they could get an excellent education witli all the advantages
of a co.«tly middle-class school at the public expense. The Scotcli people, with
proverbial natural .shrewdness, had perceived and warded off this danger which
was burdening England. Poor persons in Scotland were not tempted to throw
their children on the rates by providing them with these palatial edifices. Whereas
many such children in England cost from £20 to £30 per annum, the offspring of
destitute Scotch poor were as well or better cared for as a body for £10 each, being
trained imder careful supervision in healthy and well-selected houses amongst the
labouring classes, where they were never subject to the influence of the workhouse,
but were gradually and naturally introduced mto the wholesome conditions of
family and industrial life. This wise .system of supervised boarding-out was being
gradually adopted in England, and it was to be hoped that in a few years it might
become the general ride at any rate for pauper girls, There were altogether 573
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poor-law unions in England, of which 127 had adopted the boarding-out system in

greater or less degi-ee for some of their pauper children. There were, in addition,

forty-seven "Welsh unions, of which thirty had adopted the system. The number
of children boarded out was in England 1500, and in Wales 000. In nearly aU the

cases where tlie sj-stem had been applied it had been found very successful ; and the

writer of the paper supplied a large number of extracts from reports from Bir-

mingham, Clifton (Bristol), Chorltou (Manchester), the Cumberland Unions, and
the agricultural districts in Kent, showing that where the system was applied chil-

dren were cared for at the rate of from £10 to £12 a year, that the children

boarded out were improved in health, and had been readily drafted off into situ-

ations. The only cases in which the system had failed in accomphshing these blessed

results was where there had been a neglect of supervision. He therefore advocated
the formation of ladies' visiting committees in connexion with the miions. At pre-

sent the number of district and separate schools was very .«maU as compared -wdth

the number of pauper children. The erection of many such costly institutes was
attended witli pecimiary difficulty aud was of questionable expediency. On the

other hand, sound economy and efficient results were combined in the application

of the system of boarding-out, especially for children ; but the system should be
applied in its completeness aud entirety, and with frequent oversight by judicious

visitors, and provision for the religious and moral education of every child.

The Prevention of the Pollution of Rivers. By the Rev. R. Thomson.

The Statistics of the Indian Opium Revenue. By the Rev. F. S. Turner.

The last debate on the Indian Budget in the House of Commons demonstrated
the vital importance of the opium revenue ; it'^is therefore important to inquire into

the probable stabihty of this revenue. At first sight an inspection of the returns
from 1792 to 1872 is highly encouraging. During this long term of years we mark
an increase, steady on the whole, though with minor fluctuations, from £202,751 to
£8,(i00,000. Not so satisfactory is the increasing relative importauce of the opiiun

revenue, which from being in 1792 one thirteenth of the land revenue, and one
twenty-eighth of the total revenue, has now risen to the serious proportions of more
than one third of the land-revenue, and more than one sixth of the total revenue.
These figures refer to the gross revenue, and have to be shghtly diminished for the
net revenue. Making the necessary deduction, opium has in eighty-three years
yielded the total net profit of £184,000,000, which may be taken as a partial set-off

against the sum which British rule has cost India during the same period.

High authorities have warned us that we ought not to rely upon the continuance
of this income ; among others. Sir Charles Wingtield, six years ago, in the House
of Commons ; and this year, Sir George Campbell in the ' Fortnightly Review.'
Our lucrative monopoly of the China market is threatened by the competition of

the Chinese themselves. This competition has been held in check by their own
government, which, however, has gradually relaxed its opposition, and now threatens
to abandon it altogether. The poppy has .spread enormously in China since 1863.
For the last four years there has been a diminution of our opium revenue, which
may be the beginning of a continuous decline. Some recent items of news fi'om

China show that there is still some imcertainty about the direction Cliinese policy
will take. J. S. SliU has pronounced against interference with the opium trade

;

but, according to his own principles, an argument may be advanced in defence of
the Chinese prohibitory legislation. Great difficulties are throwu in the way of this

legislation in China \>y the political action of Great Britain. Thus opium may per-
haps stiU continue to bolster iip Indian finance imtil moral laws work out some
vmexpected, but not imdeserved, retribution.
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MECHANICAL SCIENCE.

Address hy Charles W. Mereifield, F.R.S., President of the Section.

It is generally most useful and most interesting to intelligent listeners to hear from
those who address them that which is the most familiar to the mind of the speaker.

Passing by the question of primary education, I propose, therefore, to re^^iew briefly

our shortcomings in those subjects of instruction which are the necessary preludes to

natiu'al, and especially to mechanical, science. I then propose to direct your atten-

tion to some points dependent on the crowding of the population, and especially to

those consequences of it which are chiefly interesting to the Section of Mechanical
Science.

To such an assembly as I see before me it hardly needs that I should say much
on the importance of a widespread Imowledge, as sound and exact as it can be made,
of the nature of all things about us. We need this not only as a nation to compete
with other nations, but we also need it more and more every day as men. The
crowded condition of the earth at this day is in the strongest contrast to its state in

the early days of our race ; and the necessities of our life then and now are in aa

strong contrast as those two conditions, or as the numbers who lived and live sub-

ject to them. Even in the early days there was more knowledge afoot than the

thoughtless among us dream of. At no stage of man's history was life to be held

on easy terms, and to those who in early times neglected the knowledge necessary

to take care of themselves and those about them the penalty of their remissness was
short and sure. It is not less certain now. Equal difficulties and dangers stfll

beset us, and are to be met with in the same way—by acquiruig knowledge, and by
applying it with industry and judgment. Only the knowledge that we want is

greater now than then, and, being a higher development of knowledge, it reqidres

to be moi'e systematically learnt and taught. This is an absolute necessity to us if

we wish to extend, or even to preserve, the possibiHty of our maintenance in such
masses as are gathered together in Western Europe, and in such towns as London
or Glasgow.

Although the possibility of our existence as we are has been the consequence of

our ancestors, whether advisedly or not, yet successfully, following the law just

indicated, it is one of the concomitants of their success that we have brought up
amongst us the weak and foolish, who have recei-\ed the benefit of the knowledge
and industry of others without participating in either sufficiently to ruiderstand the
conditions which have rendered possible an ignorant, an idle, or a vicious hfe. Just
as the citizen of a coimtry which has been o\ev long at peace does not understand
that his safety depends upon the fighting power of himself and of those who will

take his part, so there are some in our midst who do not see the danger of ignorance
or the waste of idleness. Those among us are perhaps few who do not recognize

some disadvantage in ignorance and indolence ; but there are, I fear, many who fail

to realize the U]-gency of extirpating- both to the uttermost. Let me not be mis-
miderstood ; I do not suggest that there should be no pause from learning or from
exertion ; life would not be worth having vcithout its intervals of ease ; but the

enjoyment of these precious intervals is only to be purchased at the expense of
habitual thought and exertion ; and, in our present social condition, we cannot
safely neglect to afford to all amongst us opportimities of cultivating obser\-ation

and thought.

These remarks may seem to you something like " slaying the dead." To those

engaged in the active work of mechanical industry, ignorance, stupidity, and indo-

lence are the enemy at the gate, with whom there is and can be no truce. But let

me ask even you whether you lia^e not among your circle of acquaintance many
who think that the erudition of a few and the ignorance of the many Ls a better

state of things than the miiversal and systematic instruction which, happily for our-

selves, our representative assembly has now determined to secure for all amongst
us. Let me ask whether there are not some who think the study of history or

literature far more important than natural science ; some also who think that reli-

gious teaching supersedes all other learning. All these doctrines are in my opinion
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false, and dangerous to society. I do not undervalue either religious teacliing or

historical knowledge. Of the former, this is not the place in which it would become
me to speak, even were I its authorized exponent. Of the latter it would be almost

equally preposterous to speak slightingly. No one feels more keenly or practically

than I do that the past is the key to the future, and that all our knowledge depends

upon experience. Not only do I acknowledge this as an abstract truth, but I have
myself constantly been driven to historical study before I could attain any real mas-
tery of the work which lay before me in any of my pursuits, even of natural science.

Moreover my habits and instincts have a strong bias in that direction, my early

education having been classical and legal, and my first actual employment having

been in the archasology of painting. It is, therefore, with no prejudice against

useful scholastic learning that I raise my voice against the misdirection of education.

Still less is it with any prejudice against the exactness of the knowledge to be

acquired.

Let us for a moment reflect upon what marks the difference between what we
are pleased to call civihzation and barbarism—what distinguishes the Anglo-Ame-
rican from the lied Indian, the Russian from the Tartar, the Western European
and his colonial congeners from the races which he is governing or replacing. It is

not, or at least assuredly not alone, by muscular superiority, nor is it by mere
astuteness ; the savage or the half-savage competes witli us A"ery favourably in both
these respects. To emphasize the real difference, let us go a Httle further back, and
ask ourselves wh)- the b.^ar and the tiger are no longer a terror to us, and why we
feel secure of the predominance of man, at any rate against the larger and fiercer of

the dwc'Uers in the eartii, the Avater, and the air. This predominance is due solely

to the command which our intellect has given us o^'er the material powers of nature.

Physical science has enabled us to set these against tlie mere unaided strength of

brutes. Superior and more exact science has enabled the dominant races to bring

more of these material forces to bear upon their enemies than the barbarous tribes

could array against them. This is so universally admitted as a principle that its

real application is often forgotten; and there are many who thiidi that our ci\ilizatioii

has in it something sid generis, some special innate principle which assures us

against barbarian attack, instead of regarding it in its proper light, as merely one

element of strength which maj' turn the balance in our favour, provided we are

equally, or nearly equally, matched in other I'espects. But history is not wanting
in terrible less()ns of the utter destruction of ci\ilized communities. Long-continued

security and the accumulation of mechanical appliances carry with them and foster

the seeds of social decay.

These, perchance, are remote contingencies, although even to nations disaster

comes unexpected.

More immediate and more obvious risks are these : that we may be beaten by
other nations, not in a struggle for bare existence, but in industrial competition,

and that the crowded population which has to be maintained in these islands, and
wliich former prosperity has accustomed to expensive habits of life, and not to the

endurance of scarcity or hardship, may not find the means of exchanging its labour

advantageously for the material of its sustenance ; or that ignorance of the condi-

tions of health, or inattention to its laws, may expose us to disease. Not all of us,

I conjecture, have realized how much more difficult and costlv it is to keep in pi'O-

sperity and health the enormous agglomerations of luunanity which Western Eu-
rope on the one hand, and China and India on the otlier present to us, than to feed

the scattered population? which occupy tlie less crowded regions of the globe. I

think some of us are now beginning at least to under,>tand that there are material

difficidties in keeping any large collection of one group of animated life together, so

that each indi\ idual shall not intercept or contaminate the sources of nourishment

of himself or of others.

Now what I wish j'ou to reflect upon is, that these difficulties are material, and
are therefore to be m 3t by a thorough and widespread knowledge of natural science.

With thin populations, which have more to fear from war and famuie than from
want of elbowroom, political and histcnical knowledge in the governing class is more
important than exact natural knowledge in the administrative class. As the popu-

lation thickens, the latter assumes more and more relative importance ; and while I
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do not think political wisdom wiU ever lose any of its value, I think it only a part of
tliat political -wisdom to recognize that in such communities as ours tlie spread of
natural science is of far more immediate urgency than any other secondary study.
Whatever else he may know, viewed in the light' of modern necessities, a man who
is not fairly -\ersed in exact science is only a half-educated man ; and if he has sub-
stituted literature and history for natural science, he has chosen the less useful
alternati^e.

One of the obstacles to the spread of science, and to our national prosperity, then,
I take to be the undue preference given to literaiy over natural knowledge, and, in
particular, the sacrifice of mathematical to classical study in the secondary school.
If you ask me why I lay so much stress on mathematical teacliing, my answer is,

that we need to study natural science exactly and quantitatively, not merely to cram
our memory with the qualitative characters of a few phenomena. Now, if we are
to count, to measure, to weigh, or othermse to ascertain quantity, we are reaUy
practising arithmetic, geometry, and mechanics. If we can learn these more ad-
vantageously than by the orduiary course of mathematical study, we shall simply
change the form of that study without evading the thing. But in truth mathe-
matics are too well understood, and on the whole too sensibly taught, to admit of
any great subversions. Improvements in detaU, and in the selection of the most
useful branches for study, there is doubtless room for, and indeed these are being
daily made. The cliief faults I notice are in teaching algebra too late, and in
teachmg Euclid (so called) too early. I regard abstract geometry as a foolish
study, imless accompanied, and even to a certain extent preceded, by the practice
of linear drawing. This is too often neglected. Moreover, I do not consider that
what is called Euclid—I use this expression advisedly—is the best possible text-
book for abstract geometry. I doubt if Euclid, if we judge him bv the best Greek
text handed down to us, is suited to our modern requirements. "What we actually
use is not Euclid, but only isolated portions of his book, freely altered by Robert
Simson.

_
In my opimon the omissions and alterations have deprived the book of aU

lifelike vigour and human interest, and have made it as dull to the mature reader
as it necessarilv is to the unfortunate boys whose first introduction to geometry it
too frequently forms.

Apart from the general fault of giving too low a place to mathematical teacliing
(a great faidt, and one which we are only slowly mending) is our not paying suffi-
cient

_

attention, and sufficiently early attention, to mechanical and geometrical
drawing. On this pomt I need add but little to what was said by Prof. Fleeming
Jejikin in his address to this Section at Edinburgh in 1871. That is possibly the
point on which we compare least favourably with neighbouring countries. One
important remark of his I am anxious to gi\e prominence to, and that is, that de-
scripti^-e geometry is not what is wanted. I fear, indeed, that many teachers of tins
subject have failed to realize its true meaning, and confuse it with the theory of
geometrical projection, of wliich it is in truth a development and extension, not a
particidar application. So far as the preliminary chapters of an elementary work
on it are concerned, the collision is natural and perhaps not ^erv material ; for all
that relates to the point and straight line is simply plan and elevation, and the plane
needs but little more. But the characteristic feature of descriptive geometry is due
to the fact that surfaces cannot (with the exception of cylindrical surfaces) be
represented by plan and elevation. They are therefore, in this science, indicated
by a general and systematic method, which, without representing them to the eye,
enables us to handle them geometrically, to find their intersections, their tangents,
and their shadows, with the same certainty as if we had models before us. So far
as points and lines, straight or curved, are concerned, it does not differ from geome-
trical projection

; the difference is, that it deals effectually with planes and curved
surfaces, which geometrical projection cannot do. To those who have to deal with
curved surfaces it is as important as linear drawing is to the student of plane o-eo-
metry, because models are practically unprocurable, and conception in three dimen-
sions is not easily got, except through descriptive geometry. But for ordinary
school purposes it is a very barren exercise. I state this advisedly, being thorouglily
familiar with both its use and abuse. A much more important exercise of geo-
metry^ and one more immediately useful, is the geometrical representation of arith-

187*5. ly
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metic, sucli as we see in diagrams of thrust, pressure, speed, work, temperature,
Leat, rainfall, and so forth. But I thiiik this will take care of itself provided linear

drawing be taught sufficiently early.

I should leave my remaiks incomplete if I did not make what you may at first

sight think a digression, namely, some observations on our practice of teaching

languages, especially Jjatin aud Greek. But as they do form one side of education,

and as we should only be half-educated ^\ithout them, it is important that they
should be efl'ectuaUy and economically taught. And to none is this more important
than to those who need to use them, but who can spare little time from their more
essential study of natural science. I think all who value time wiU admit, if they
allow themselves independent reflection on the subject, that Greek aud Latiu are

taught too much as exercises of grammar and too little as languages. It is the same
fault as we have had in mathematics, where making boys learn Euclid has been
taken to be the same as teaching them geometry. Now teaching grammar and
" construing " bears to language the same relation that drill does to marching or

shooting, or that swimming on a table does to taking the water. In all these

matters we have learnt that moderate drilling and plenty of work is the best com-
bination ; but we have not yet learnt this lesson in reference to the classics. Our
ancestors had learnt aud practised it. They spoke Latin in the schools, aud to this

the drill-work of grammar and sjiitax was the proper complement. I hope you
manage things better in Scotland ; but iu England it is the rule to spend from six

to eight years in learning Latin aud Greek, and it is the exception to be able to

read either.

If we cannot escape the effects of this scholastic tendency to exaggerate the
importance of intellectual gymnastics over actual knowledge iu classical and geo-
metrical teaching, let us at least do our utmost to prevent its being extended to

other languages aud to other studies. There is a class which is exerting pressure

that way.
I speak the more fearlessly on this subject, because, ha^ing most strongly advo-

cated the extension of pure mathematics, I cannot possibly be mistaken for an
objector to ex.act learning.

Now, returning to the subject of mathematics, I think one cannot fail to be struck

with the increa.-ing tendency which they exhibit to pervade all study of natural

science. I need not ask you whether it is wanted for mechanics. In the older

books on chenustry, elect)'icity, and so forth, it was quite an unusual thing to meet
with an algebraic formula or a geometrical theorem. Now, on the contrary, we
find that one half of chemistry is pure algebra : organic chemistry, iu particular, is

nothing but a special branch of algebra coupled with the experimental—I had
almost said accidental—fact that its formula are represented by actual combina-
tions. This disguised algebra enters so largely into chemical teaching tiiat I have
seen full marks obtained in an elementary examination paper on chemistry by
students who really knew nothing of the science, but who did understand algebra
well. I have recently seen a great deal of scientific work passing through the press,

and I have been much struck by the way in which pure mathematics continually

present themselves in all branches of knowledge. The reason is not far to seek.

We have passed the merely descripti'^'e stages of knowledge in most sciences, and
when we come to quantitative study—that is to say, to discuss number, nieasui'e,

position, and force—we are using mathem.atics, whether we know it and choose to

call it so or not. Moreo-\er, so far as we at present know, ordinary mathematics
are the simplest ways of counting and measuring.

I may mention, incidentalh', that I think there are evidences that mathematical
knowledge is spreading in many directions. Apart from what is doing in the uni-

versities and high schools, I have myself an oppoitunity of ob8er-\ ing it elsewhere,
as the examiner for elementary pure mathematics for the Science and Art Depart-
ment. This year, in particular, I am able to say that there has been a very marked
improvement in the Iniowledge of the candidates under examination, aud I think

the teaching of the science classes under the department is really beginning to tell

in this important subject. Compared with the requirements of this country, it is

but a small matter, for there are only about 7000 candidates annually, and these

candidates come up more than once. Nevertheless it is good so far as it goes, and
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I hope to see a great extension of the instruction in this as well as in other
du'ections.

Assuming the possession of a certain amount of knowledge, which is now all but
uimersally spread, the only real difficulty of a thin population in a temperate
climate is the protection of life and property. That assured, they can without
difficulty supply their material wants in the way of animal and vegetable food and
of clothing. A very little and generally a very'easy selection ensures a sufficiently
pm-e water supply. Moderate cleanliness will secure sweet air in the houses, and,
except in the feus or in certain valleys, there is always pure air out of doors. 1 do
not assert that these conditions always exist in sparsely peopled countries ; it is
sufficient that they may, and sometimes do, exist.

Insecurity first, and therewith scarcity of food, have been sufficient causes in most
countries and in most times to compel aggregation. Towns, and even large cities,
are quite as much a consequence of barbarism as of ci\-ilization. The real problem
of civihzation has been to render hfe tolerable in such aggregations, and that problem
is only yet partially sohed. We shall see by-and-by that it is now presented to us
in a new and Aery troublesome form. It has always been a very difficult question,
arid the sacrifice of life due to its imperfect solution has been enormous, and is
still large.

Among the difficulties of town life I reclcon chiefly :—
1. The insufficient supply of fresh air, whether from overcrowding within the

houses, or from narrowness or uuwholesomeness of the streets.
2. The mere proximity of individuals facilitating the spread of contagious or

infectious disease.

3. The getting rid of excreta or waste products.
4. A wholesome water supply to be provided and kept pure.
Of overcrowding I need not say much here ; the circumstances which determine

that are the concern of Section F rather than of the Mechanical Section. In this
country at least it does not fall to the engineer to plan new cities in the wilderness.
What he can do is to palliate the effects of overcrowding by suppljdng the means of
ventilation and cleanliness. I do not propose to-day to entangle myself in the
great and complex problem of ventilation

;
yet it is well not to pass 'one or two

points unnoticed.

It is rather difficult to say what pure air is. So far as health is concerned, the
wind oil' the sea or the mountain is pure, or as good as piu-e. Whether the east
wind be so or not is an open question. I suspect that its unpleasant character is
due more to its dryness, and consequently to its chilling effect—an efl'ect quite
independent of its temperature—than to' any actual contamination. Meat and
milk, at any rate, will keep good with an east wind at least as well as with a west
wind. However this may be, we are all sensible that when we are to leeward
of a large town the wind smells of the town. Not to mention factories and
unsavoury trades, one day it has passed over miles of hot roofs and walls, and
streets of unclean dust ; another day, the rain or the watercarts have converted
miles of street into a reeking slough, compared with which a natural fen is a
cleanly thing. In any case we know and feel tliat we are breathing the waste
products of human industry and of human life, to the detriment of our vitality, as
well as to the offence of our nostrils.

I do not think sufficient attention has been paid to the mischief which may
arise from copious watering unaccompanied by careful scavenging. We all know
what town mud consists of, its wliolesomest element being probably what makes
it look the worst, namely, soot. In Loudon there are hundreds of acres of mud and
dirt kept almost constantly moist, by rain when there is any, and by watercarts
when there is not. Now it seems to me tliat, merely looking at it from a broad
general point of view, this is not likely to be healthy ; "it seems to combuie all the
conditions necessary to the carrj-ing on of unhealthy putrefactive and Aeo-etative
processes on a very extensive scale. I do not pretend to estimate the quantitative
efiect of this as an element of disease, but I think it would be making a large
demand on your faith as well as mine to ask you to doubt its qualitative effect.
At any rate, I tliink we ought to consider veiy seriously wliether mere watering is
any proper substitute for careful and complete' scavenging, and wliether, in fact, we

IS*
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are not spoiling a useful process by an unintelligible application of it—one of tlie

great dangers of improvement.
The second point which I have mentioned—the facilitation of contagious or

infectious disease by mere proximity—is obvious enough in its generality. Its

details belong to Section D.

The atmosphere is probably a much greater carrier of noxious germs than water

;

but, as Dr. Tyndall has judiciously remarked, the aerial germs appear to be some-
times in a le«s forward, and sometimes, perhaps, in a more effete, state of develop-
ment than those which are met with in water, or which liave once taken root upon
moist tissues. On the average, therefore, resistance to them is probably easier.

However this may be, it is clear that we camaot subject the supply of atmospheric
air, which is necessary for our lungs and skin, to the same complete chemical or
mechanical treatment as we can, and do, when necessaiy, our supply of drinking-

water. Any attempt at the disinfection of air of doubtful purity must necessarily

be of the crudest and most empirical kind. In the present state of our know-
ledge and resources it can hardly be of interest to the engineer.

The third point affords a remarkable example of what I have just mentioned as
the greatest danger of all improvements—their unintelligent use. No one can
deny that the watercloset and the sewer are great mechanical improvements

;
yet

they ha^e been great carriers of disease. As applied to the particidar problem of
getting rid of waste products, especially solid products, I do not think they were
any improvement at all on much that we already had. In many towns in Great
Britain, where there previously existed a well imderstood and well carried out
scavenging system, I thinlv they have done more in saving trouble than in con-
ducing to health. I think the real key to the problem of getting rid of the nuisance
of waste products is to be found in the old aphorism that dirt is simply mntter out

ofplace. Hence the first step is to take care that such products shall not become
waste; and one condition of this is, that they should not be carelessly mixed. The
greater part of the sewage difficulty is, I think, simply tlie result of neglecting this

truth. It is especially the case with London sewage. With our water supply, our
watercloset system in houses, our drainage of houses, factories, and streets all

together, we ha^e accumulated a ri\er of filth, the complex admixture and
enormous mass of which lia\e rendered it most difficult and dangerous to control

effectually. I tliink we sliall yet be driven to meet the difficulty at its source in

tlie way suggested—by dealing with it in detail, subdividing both fi'om house to

house and I'rom kind to kind, and allowing notliing but the mere washings of the
streets to get into our sewers at all. So far as the getting rid of waste products is

concerned, I belie-\e we must be content to write off the whole cost of our Metro-
politan Main Drainage.

There is another undoubted improvement which the legislature has decided upon
applying to London, concerning which I feel no small amount of mii^givbg lest it

should be applied without intelligence ; and that is, the constant supply of water in

place of the intermittent cistern supply. Asa mere mechanical convenience it

will be a very great improvement ; but I foresee two dangers, one of sewage con-
tamination through the waterclosets, the other the waste of an article already
becoming scarce. The first is no idle fear. The experience of Croydon and other
places has shoAvn that it is possible to make the water supply and the sewage a
circulating system, with fever or cholera as its inevitable consequence. It has
been bad enough in several places of moderate size ; but in London, whether we
regard it with reference to the mass of contaminating material, or to the quantity
of human life to be affected by it, the risk has a much more serious aspect. I shall

be sorry to see the constant supply established in London without taking some
effectual seeiuity, either by the mterposition of cisterns or otherwise, to prevent
the possibility of back draught from the cess to the drinldng-water. Without some
such precaution, I think the mechanical impro%oraent may be a fatal gift.

I have said that the problem of the crowd, if I may venture so to call that of
maintaining purity in the supply of a deuse population, is now presenting itself in a
new and very difficult form. That is so notably in the matter of water supply ;

because until now it has generaDy been possible, by some expenditure in aqueducts
and care in the selection of tlie sources, to obtain a sufficient supply of thoroughly
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good water, not always perhaps of chemical purity, but at any rate free from any
great contamination of animal and espocially of huuinn excreta. Tliis possibility

threatens to disappear in the United Kingdom generally ; and especially so ^^•itll

regard to the manufacturing districts and to the east of England, not only from the

mere increase of the population, but much more from the higher cidtivation of the

land. The moorlands are everywhere being broken up for the plough ;
fallow-

ing has given place to heavy manuring and to sewage irrigation, both of which are

freely applied to pasture as well as to arable land. The population of bullocks

and sheep has also increased with the human population. Tlie result is that tlie

rain is contaminated as soon as it reaches the ground. The surface di'ainage,

instead of being water naturally distilled, flowing otF clean grass or moss, is the

washings of manure. The spring-water, again, is not pure rain-water which has
passed tlirough a rock-filter and has taken up some mineral ingredients, but is

simply these manure washings more or less completely filtered. In our streams

the water derived from both these sources undergoes fresh exposure and cleansing

by aquatic vegetation, but at the same time fresh contamination. The mere
statement of the problem in this way carries with it, almost axiomatically, the

inference that the effective character of filtration is a matter for quantitative

investigation, not for assumption as perfect and complete. We know, moreover,

that some of these natural filters have been overtasked.

Let us now turn aside to consider what is the work to be done, and what Ls, so

far as we are able to understand it, the work actually done by filtration.

I believe I am right in saying that with the exception of the strong corrosives,

which act like weapons rather than as medicaments, no one really knows what
poisoning is. We must take it as au expression used to summarize the imlmown
and possibly inscrutable chain of events of which we only see the primary cause

and the ultimate effect. We may perhaps go one step further in respect of the

pijisonous effect of organic sewage in its unfiltered form. It contains, for one
thing, the dead products of organic decay. A grass filter or an earth filter very
rapidly renders this part of the sewage innocuous by oxidizing it. Then it con-

tains germs of animal life, some of which, unless intercepted or killed, prey para-
sitically on the larger mammalia. Thirdly, it contains vegetable germs, closely

allied, it would seem, to the moulds and other small fungi ; these, finding a resting-

place in our bodies, grow and destroy or spoil the cells of which our own gl'o^vth

consists, much in the same way that the yeast fungus modifies the worts of beer,

or that the common moidd spoils the flavour of a pot of jam. The effect of such
spores upon us is called zymotic disease. The first class of impurities is pretty

easily dealt with. Probably the means already exist of calculating at what point

any given filter will or wiU not be overcharged in respect of its defecating function

by the oxidation or entanglement of dead matter. But the question of the filtra-

tion of living germs is altogether more obscure. We know that many of them
are cauglit and effectually intercepted by both surfrtce and underground filtration ;

but we do not know in what proportion this intercepting takes place, eitlier on the

average of all germs or with reference to each kind of germ which may be present

—different questions not always sufficiently distinguished. Then we also know
that the life of some germs is destroyed if their de^elupment be too long retarded,

liateman, Michael Scott, and others afterwards have described the remarlcable

effect which storing water in dark tanks has in keeping it clear, not only while it

remains in darkness, but even under sub.*queiit exposure to light. Now we have
at present very little quantitati^-e or well-digested knowledge on these subjects. In
fact, little more is known of them than is contained in the crude statement which
I ha^•e just laid before you. We have no series of experiments to show what
or how many germs escape a given process of filtration or stm-age ; and it is notn pr

of:evei-y germ that we need be afraid of: the greater part of them, probably, are quite

innocuous. All that the chemists have been able to give u^ is a dubious estimate

of the total quantity of organic matter (whatever that term may mean) which the
infiuent and effluent waters severally contain. They do not and caimot tell us in

what form the matter exists, whether dead or alive, animal or fungoid. Now for

many pui-poses the information so given is about as useful as it would be to know
that there is animal and ACgetable life in a gi-ven field, without being told whether
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it is com or couch grass, rats or rabbits. On this subject I thiiik both the engineer

and the chemist -n-ill but grope in the dark until the biologist comes to their aid,

working statistically with liis microscope as well as observing particular develop-

ments. Whether any observers are yet prepared by preliminaiy knowledge for such

investigations I know not, but sure I am that the need of them has come.

It may be some consolation to the timid or fastidious among my listeners to be

assured, first, that only a few organic germs are capable of hurting us ; and,

secondly, that an overwhelming proportion of the germs of life perishes without

reaching maturity or attaining the power of doing mischief. This destruction goes

on to an extent little dreamt of except by those who have minutely examined the

question. It is not an exaggeration, but in many cases an under-statement, to say

that a million germs are produced in most of the lower forms of life for one which
e^er reaches the reproductive stage in its turn. Numerical evidence is easily

obtained of this in the case of ferns and lycopodiums and fungi among plants, and
of many worms and fislies and other creatures of lower organization among
animals. This constitutes at the same time our safeguard and our danger : a

safeguard, by the improbability of our meeting the few sur^ivors of this enormous
desti'uction ; a danger, from their rapid increase when they do happen to meet with

a resting-place favourable to their development.
What is practically becoming most essential to us just now is to be able to pass

from vague generalities, such as these, to definite and quantitative statements.

No doubt much may be done, and is daily being done, to come to the assistance

of these natural processes of purification by submitting water of doubtful quality to

various operations calculated either to remote certain classes of impurity, or to

avoid clogging or otherwise overtasking the natural or other filters. But at

present we are working in the dark, and empiiicaUy, in fact, applying quack
remedies at random, instead of setting to work systematically and intelligently.

Much fuller knowledge must be acquired before we can understand our business.

In the meanwhile I think we must view with great and increasing distrust all

merely selective sources of water supply, and that, except perhaps in some favoured

localities, such as the best of the gathering grounds from which Glasgow is

happily supplied, we must not put too implicit confidence in any methods of

filtration or boring.

Besides, then, the general investigation which I have just spoken of, there

remain two alternatives to consider, each of daily increasing importance in certain

localities. One is the separation of the drinking from the ordinary supply ; the

other is the distillation of the drinking-water. Neither of these are new ; and
there are many places where they are of ob\dous necessity, and practised with the

greatest care accordingly. I think both require more attention than they have
received in this country.

As regards the separation of supply, it surely is not seemly that where there is

no scarcity of water, but only a scarcity of wholesome water, the waterclosets and
factories and condensers of steam engines should be put in competition with the

dry throats of the people for the drinkable supply.

The question of distillation also requires further study. There seems to be
no doubt that by subjecting water to sufficient heat we can destroy every living

germ in it, and that by distillation we may combine this with the removal of

almost all inorganic matter. At present the process seems to be rather expensive,

and brings it up to a price which is far too high for its general use. But I think

that when the process comes to be carefully gone into, with a view to working it

upon a very large scale, it may not be found impossible to effect a considerable

saving upon this cost. In fact, the mere necessity of delivering the distilled water "

at as 1 w a temperature as possible, without the use of too much cooling material,

is a security for the employment of as little coal as possible. We should require

a settlement with the Excise to prevent the revenue suffering by fraud ; but no
doubt a compromise could be arrived at if the necessity were felt to be urgent.

The collection and arrangement of my thoughts, with a view to the remarks
just addressed to you, has brought before my mind very strongly certain con-

siderations, some of which, being partly of a political character, I shall rather

indicate than discuss.
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In the first place, there is an e-\ident and urgent necessity for the whole
question of tlie water supply, at any rate of England, bein<? much more tho-

roughly investigated and taken in hand than it has hitherto been thought

necessary.

Secondly, there is need for the concentration of the business of the supply and
distribution of water (including frequently the management of the gathering

grounds), the roads, the lighting, and the drainage in one board for each town or

district, preferably the municipal authority. In London, where there is no such

concentration, the waste and inconvenience arising from the independence of the

road, gas, and water authorities in the mere matter of breaking up the roads is be-

coming a very serious consideration.

Thirdly, there is a want of knowledge of natural science in the local governing

bodies, which is but ill supplied by their employment of professional officers. Much
more of it is wanted in the governing councils themselves before their technical

advisers can be either properly appreciated or properly controlled. Whether this

is to be got by the direct infusion of a professional element into the council itself,

or whether it is best to wait for the general spread of natural loaowledge, I scarcely

care e^en to form a judgment.
Fourthly, it is a popular delusion, especially prevalent in this Section, that the

invention and pronsion of a mechanical convenience are necessarily an immediate

social benefit. There are many cases in which the direct effect is to facilitate

personal indolence or carelessness. It is then a positive evil, until, either by
natural selection or by experience, more careful habits have been re\erted to.

There are other cases in which the indirect consequences are more mischievous

than the direct advantages are beneficial. Here, again, there is no benefit until

those consequences have been met. There is a disadvantage which only attaches

to the immediate effects of some particular inventions. On the whole, of course,

invention is not only a good thing, but, together with discovery, a necessity of our

nature and of our existence. Meanwhile our immediate national necessity is a

wider, deeper, more exact, and more general spread of natural knowledge.

On the Removal of Subaqueous Rocks by the Diamond Rock-borer.

By Major Beafmont, M.P.

On the Removal of Sand-bars from Harbour-mouths. By M. Bergeron.

Hand-machine for Shaping and Finishing Metal Surfaces. By J. B. Beynon.

A Flanging-iron and Steel Plates for Boiler purposes. By A. B. Brown.

On an Engine for Starting and Reversing large Marine Engines.

By A. B. Brown.

The principal feature of this engine consisted of a combination of steam and

hydraulic cylinders, controlled by an automatic valve-gear, which enables the

eno-ineer to reverse the largest engines without assistance in a few seconds. This

is accomplished by the lever which opens and closes the steam and hydraulic

valves being hung partly on the reversing-lever and at its other extreme on the

weigh-shaft lever, so that any motion given to it and the valves by the engineer

in one direction is counteracted by the movement of the weigh-shaft lever to
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which the links of the marine engine are attached. In this way these links follow

the motion of the reversing lever, and are locked fast at any degree of expansion

in the quadrant.

On a MacJiine for the Liquefaction of Gases hy combined Cold and Pressure.

By J. J. Coleman, F.C.S.

This paper describes a powerful machine, erected for dealing with 300,000 feet

per day of waste gases at the works of Young's Paraffin Light and Mineral Oil

Company.
The machine includes

—

1st. The pumping of the gas by steam-power into a system of tubes externally

cooled by water, and from which condensed liquids ai*e withdrawn.
2nd. Employing the condensed gas, after being deprived of liquids, for working

a second engine coupled with and parallel to the first, thus recovering a portion of

the force originally employed in compression.

.'jrd. Employing the expanded gas, having had its temperature reduced in the

act of doing work, as a cooling agent for a portion of the condensers to near zero

Fahrenheit.

On Drainage Outlets through Shb Lands. By A. CRUM:-E^^ING.

The author described the means he had emploj-ed to open up a channel two
miles long through slob, in the colony of Demerara, for the purpose of reestablish-

ing natural drainage. This slob is a deposit from the gi'eat rivers of the northern

part of South America ; and when it sets in in front of the plantations, completely

blocks up their drainage outlets. The method employed was to lay a steel rope

all the length of the mud-bank, and, by means of Fowler's clip-drum placed in a

small steam-vessel, which had strong drag-harrows attached, to run the whole
apparatus rapidly from end to end of the rope. When the water discharged from
two very powerful centrifugal pumps was brought to bear after the dredge, a

marked effect was produced, and a channel was being rapidly opened deep enough
and wide enough to carry off the heavy rainfalls (sometimes as much as six inches

in twenty-four hours) without having recourse to pumping—a matter of gi-eat con-

sequence, as the expense and risk of pumping are large.

On recent Attempts at Patent Legislation. By St. J. Vincent Day.

On the For^n of Blocks for Testing Cement. By G. F. Deacon.

On the Strength of Concrete as affected by delay between mixing and
placing in situ. By G. F. Deacon.

Description of Stobcross Docls. By J. Deas.

The first portion of ground purchased for the works was in 1845, and consisted

of 36 acres. At that time a wet dock and tidal basin were proposed, having a
total water space of 17 acres and IG acres of quay space, the length of quayage
being 1458 yards. Until within the last few years, however, the Clyde trustees

were able to obtain ground on both margins of the river sufficient for the required
quay extension, the river itself forming the water space, and requiring little ex-
pense to make it available opposite the new quays.

In 1864 the Edinburgh and Glasgow Railway Company (now merged in the
North British Railway Company) obtained an act to make a railway from their

Helensburgh branch to the authorized docks, with a station immediately on the
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north side of the docks ; but nothing was done till 1870, when the Clyde trustees

obtained an act for enlarged docks &c., and the railway company an act for the

renewal of the site of the station.

Under their act the Clyde trustees purchased additional ground, to enable them
to carry out the works now authorized. The large cartoon plan showed the general

outline of the docks and the diversion of the I'ointhouse Koad &c. The road is

55 feet wide, and extends from Sandyford Street to Stobcross Street, or a length

of 980 yards ; it has been formed entirely in cutting, the average depth being

29^ feet, the greatest depth 43^ feet, and the total quantity removed was nearly

300,000 cubic yards, of which about a fourth was boulder-clay. Only the

immense power of dynamite enabled this to be removed. The cost of the road,

including land, was about £45,000.

The docks will be tidal, and, when complete, will afford 33^ acres of water

space 20 feet deep at low water, and will comprise three basins. The entrance

from the river is at the west end of the docks, and is 100 feet in width, communi-
cating with an outer basin COS feet wide at its widest part, and two inner basins,

270 feet and 230 feet wide respectively, the pier between being 195 feet wide. The
total area of quay space will be 27^ acres, and the length of quays about .3342 yards.

The entrance will be spanned by a swing bridge, worked by hydraulic power,

and capable of carrying a rolling load of 60 tons. There will also be four coaling-

cranes, each capable of lifting 20 tons, also worked by hydraulic power. The
bridge, cranes, and the necessary hydraulic machineiy are being constructed by
Sir W. G. Armstrong & Co. The quays will also be provided with sheds, grain-

stores, &c., and lines of rails.

From the borings made on the line of the quay-walls, it was ascertained that

the strata were of the worst possible kind in which to construct such works, con-

sisting as they do (excepting at the north-west corner, where boulder-clay was
found) of water-bearing gravel and sand, interspersed with pockets of mud, and
that to reach the rock with the foundations, except along a portion of the north

quay, would be out of the question. A longitudinal and a cross section of the site

of tile docks, showing the strata as ascertained from the bores, were shown on the

cartoons.

For the portion of north wall in the boidder-clay, and where the rock was within

a depth of about 40 feet under cope level, the usual section of wall has been
adopted ; but for the remainder of the walls and bridge-seat, where the sti-atum is of

sand and gravel &c., charged with an enormous quantity of water, especially imder
low-water level, and the rock at a depth of from 50 feet to 100 feet below cope-

level, the system of cyhnder substructure, recommended by INIr. Bateman and the

author of this paper in 18G9, and successfully carried into effect in the construction

of Plantation Quay wall and GO-ton crane-seat there, in 1870-75, was again fixed

upon. A small portion of the west wall of the dock is founded on sheet and bear-

ing piles where the boulder-clay suddenly dips, and a timber-wharf outside of the

dock-entrance, where the quay may be of a less permanent nature.

The cartoons showed the general details of the whole of these walls, as well as of

the bridge-seat.

The first contract, embracing the entrance and western portion of the docks'

walls, was let in August 1872, the amount being fuUy £100,000.
The whole of the cyhnders are of concrete, composed of 5 of gravel or broken

stones and sharp sand to 1 of Portland cement of the strongest description, mixed
together by steam-power with the necessary water. The cyhnders for the quay-
waUs are about 27 feet 6 inches in height, made up of rings 2 feet G inches deep,

the thickness being 1 foot 11 inches. These rings are formed within wooden
moulds, on a platform, and, to facilitate hfting and break bond when built into the

cyhnder, they are divided into three pieces and fom' pieces alternately. The dividing

of the rings is effected by iron plates placed across the mould in the positions

required. The corbelling or bevelling of the bottom ring is done by placing con-

tracting pieces in the mould on which to shape the ring. The seat for the iron

washer on the top of the first, or " corbelled ring," and the holes for the bolts to

secure the same to the iron shoe are also formed in the moulding of the rings.

The concrete, as it is filled into the moulds, is well rammed with rammers weighing
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25 lb., so as to secure liomogeneity and a smootli surface. Twelve hours after

filling the moulds the division-plates are veithdrawn, and two days thereafter the
moulds are removed from the sides of the rings ; and in a period varying from nine

days in dry hot weather to three weeks in rainy weather, the rings are ready for

removal and building. The content of one ring complete is lOj cubic yards and
the weight 18 tons ; the heaviest portion weighs about 6 tons.

The shoes are of cast-iron, 2 feet deep, of the same external shape as the bottom
of the cylinder, of 1-inch metal, with a bevelled inner shelf on which the corbelled

ring of tlie cylinder rests, and to which it is secured with a malleable iron ring or

washer, 5 inches by ^ inch thick, held down by Ij-inch bolts. The shoes of the
ordinary triune cylinders weigh about 4| tons each, and, for convenience in handling,

are made in six parts.

In the construction of the cylinder substructure, a trench is made in the line of

the foundation (the bottom being about low-water level), of the necessary width,

and slopes of about 1| horizontal to 1 perpendicular, over vrhieh, or alongside, is

erected the necessary staging to carry tlie travelling cranes and digging apparatus.

The shoes are placed on the bottom of the trench in proper line and position ; the
concrete rings are then built up in rings of tliree and four pieces alternately,

pointed in cement, and the digging out of the sand or gravel &c. within the

cylinder-wells is commenced. Special diggers or excavators have been designed
for this purpose.

A load of from 300 to 400 tons of cast-iron weights is generally required during
the sinking of each triune group of cylinders, to assist in sinking it to the proper
depth, which is 48 feet 7 inclies from the cope-level of the quay to the bottom of

the shoe. The average rate of sinking is about 12 inches per hour in good working
sand ; however, as much as 3 feet per hour has been attained.

When each group of cylinders is sunk to the proper depth, the wells are filled

to the top with Portland-cement concrete, lowered to its place carefully.

To effectually close up the apertures formed by the joining of each two gi'oups

of cylinders, a timber chock-pile, 2o feet long by 9 inches square, is driven behind,

anglewise, so that a sharp corner may bear hard against each of the cylinders.

The foundation for the swing-bridge consists of twelve concrete cylinders, each

9 feet in external diameter, 29 feet in depth by 23 inches thick, formed in rings,

and resting on cast-iron shoes, as described for the quay-wall foundations. After

the cylinders were sunk, they and the interstices between them were cleaned out

and filled to the top with concrete, chock -piles being driven -where required. On
the cylinder-foundation thus formed, a stepped ashlar pier, 16 feet square at the

bottom and 10 feet square at the top, by 7 feet high, is erected, with a block of gra-

nite 7 feet square by 3 feet G inches deep, on which the centre lifting-press of the
bridge rests. This pier is surrounded by concrete rubble, the whole forming a

mass of masonry 36 feet 6 inches by 32 feet G inches by 10 feet 6 inches high.

The foundations for the hydraulic rams, capstans, and side walls of the bridge-pit

are formed on single concrete cylinders placed apart and spanned between by brick

arches. The cartoons showed the details of the foundations.

The first of the ground acquired for the docks was bought in 1845, at 6s. 6d. per

square yard, and the last in 1872, at 35s.

The total cost of the docks, when fully equipped, will approach £1,500,000.

Improved Safety-Apparatus for Mine-Hoists and Warehouse-Lifts.
By Thomas Dobson.

This apparatus, for checking the downward movement of the cage, or hoist-box,

in case of the breaking of the suspending-rope or gear, consists of a mechanical
arrangement of levers, which expand through the intervention of a spring acting

upon the inner end of such levers through a sliding-sleeve, and so " strutting out,"

as it were, against the guides, or by gripping the guide-ropes, where ropes are em-
ployed instead of upright timbers.
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On the Application of Spring Fenders to Pier-Jieacls. By Mortimer Evans.

On a Safety-Loch for Facing-points. By Mortijier Evans.

On the Experiments made at the Gamp at Aldershot with a neiu form of Military

Field-Railway, for rapid construction in war time. By J. B. Fell.

Field-railways are now recognized as being amongst the most important appli-

ances in modern warfare ; but hitherto it has been found impossible to have tliem

constructed with such rapidity as to be available for the transport-service at the

commencement of a war.

The Crimean war was far advanced before the Balaclava railway was finished.

The Abyssinian war was over about the same time as the railway from Zoolla to

the Koomaglee Pass was completed.

The railway made by the German army in the Franco-German war was not ready
for working until within a few days of the fall of Metz, when it became useless.

The railway sent out to the Gold Coast was absnlutel}^ useless, and the difficulties

and dangers of the expedition were much increased by want of the means of trans-

port which the railway might have aflforded for the first 30 miles on the road to

Coomassie. Consequently the use of field-railways to a great extent depends upon
the rapiditj' with which they can be constructed.

The cause of the partial failure of the military railways hitherto made is to be
found in the impossibility of executing the works of which ordinary railways con-
sist, such as cuttings, embankments, and masonry, with the rapidity necessary for

laying down a field-railway at the commencement, or even in the early part of

a war.

Our Government have therefore had under consideration the practicability of
adopting some other method of construction by which the difiiculties hitherto

experienced might be overcome. For this object the Royal Engineer Committee
at Chatham have had a series of experiments carried out at the camp at Aldershot,
of which Captain Luard, R.E., and the writer of this paper had charge. The
experimental railway consisted of a succession of timber viaducts, which supplied
the place of earthworks, culverts, and bridges, and which, when the materials had
been prepared, could be erected with great rapidity. The conditions the Com-
mittee desired to have fulfilled in the trials were, that an engine, not exceeding six

tons in weight, should take a train of thirty tons up an incline of 1 in 50, and travel

at an average speed of 10 miles and maximum of 20 miles an hour. The waggons
were required to carry a load of three tons of dead weight each, and from 300 to

500 cubic feet of bulky articles, such as tents, hay, and commissariat stores. A
seven-ton siege-gun was to be carried on two waggons ; and it was to be shown to

be practicable to construct one mile of railway per day over such ground as was
selected by the Committee at Aldershot, by the labour" of 500 men.
The experimental railway was one mile in length, the gauge 18 inches ; steepest

gradient 1 in 50, the sharpest curve 3 chains radius, and one of the viaducts was
660 feet in length and 24 feet in height. The structure was of a simple form, and
consisted of two beams, which were bolted to a kind of trestle-work supports,

which were sunk to a depth of 12 inches and firmly fixed in the ground ; the rails*

being laid on the beams, completed the railway, for the construction of which no
other than military labour was required.
The experiments occupied at intervals a period of twelve months, and the Com-

mittee came to the conclusion that the result of the trials had proved that the
above-named conditions had been in every respect complied with and exceeded.

It had been shown that a sino-le line of field-railway, constructed on the system
employed at Aldershot, would be capable of can-ying ammunition and commissa-
riat stores sufficient for the supply of an army of l00,000 men ; that a double line,

and day and night service, would be capable of supplying an army of 300.000 men
;

that a single line of railway could be made, over ground similar to that at Aldershot,
at the rate of 2 miles a day by 500 men ; and that, if it should ever be required, it
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would be possible to construct a field-railway at the speed at wbich an anuy of
100,000 men could marcli.

Besides the Royal Engineer Committee, a considerable number of civil and
military engineers, both English and foreign, were present at the experiments.

In the course of the trials and subsequently improTenieuts have been made in
the form, materials, and details of the structure, by which the canying powers and
the efficiency of the railway have been considerably increased.

An ordinary transport ship accompanying an expedition would carry the materials
and rolling-stock for 12 miles of field-railway, and the ' Great Eastern ' steam-ship
would carry from 70 to 80 miles.

The cost of the mile of railway at Aldershot, with sidings, stations, and rolling-
stock was £.3500, and a similar railway of 2 feet 6 inches or 3 feet gauge, to be
worked by engines of ten tons weight, and waggons canying loads of six tons each,
could be made for about £-5000 per mile, the cost of erecting included.
Although a railway made on the system above described could not be expected

to carry the same amount of traffic as oue 4 feet 85 inches gauge, made in the
ordinary way, it would be quite capable of performing the whole of the transport
service for a large army in the field in a more efficient manner than it could be
done by horses, at a much less cost to the country, and, in the opinion of military
authorities, the value of such an improved method of transport in war-time could
scarcely be overestimated. A difficulty, and perhaps the priucipal one remaining
to be overcome, in practically carrying out this or any similar improved form of
field-railway, is the necessity of incurring the expense in peace time of making pro-
vision for a future war ; and no Administration would willingly assume the respon-
sibility of such increased expenditure unless it were approved and required by the
public opinion of the country. It is therefore desirable that publicity should be
given to the experiments already carried out by the Government at Aldershot,
and that the subject of the best method for the rapid construction of field-railways
in war-time should be fully and freely discussed.

Railiuays on Three-foot Gaiu/e in the United States.

By Capt. Douglas Galton, C.B., F.B.S.

Tn recent years a considerable development of these lines has taken place. The
railway in the United States is the pioneer road

; it must be made as cheaply as
possible at first, and improved as population increases.

There are at present 7973 miles projected and 2700 completed. The Denver
and Rio Grande is intended to be 1700 miles long, of which 210 miles are com-
pleted. The estimate of cost of a narrow-gauge line in a prairie country is given
by the promoters at £1900 per mile for line and £7-58 per mile for rolling-stock.

1 ascertained that the cost of the Montrose railway (28 miles long) was £2300 per
mile, with two locomotives, two passenger-cars, one baggage-car, and thirteen
freight-cars. This is a purely agricultural line, running up into a country up a high
elevation, and with small traffic. The Parker and Karns City railway cost £5500
a mile

; but it is only 10 miles long at present, and has an equipment of four loco-
motives, five passenger-cars, forty-six freight-cars, and a viaduct 400 feet long and
74 feet high. This line is for opening out an oil district.

The curves on the lines are in some places 120 feet radius, and some gradients
are as much as 1 in 40.

The rolling-stock is as follows:—Engines for passenger traffic have a rigid
wheel-base of 6 feet 6 inches, with four driving-wheels (coupled) of from 3 feet to
3 feet 4 inches diameter ; the weight on each driving-wheel from 2 tons 4 cwt. to
2 tons 8 cwt. ; total weight of engine from 24,000 lb. to 32,500 lb.

Freight-engines have six wheels coupled, and the wheels are from 33 inches dia-
meter in some patterns to 40 inches diameter in others, and the weight on each
driving-wheel is from I4 to 2 tons ; the total weight of these engines is 20,000 lb.

to .38,000 lb.

In the cars, the wheels are 24 inches diameter ; they weigh from 15,000 lb. to
17,000 lb., and carry thirty-six passengers ; they weigh from 410 lb. to 470 lb.
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per passenger. The 4 feet 8 inch gauge cars weigh from 28,000 lb. to 33,000 lb.,

and carry from fifty to seventy passengers, or from 500 lb. to 000 lb. per passenger.

The 3-foot gauge cars are 7 feet wide, whicli allows double seats on one side

and single seats on the other, with an aisle down the centre. Recently the cars

Jiave been increased to 8 feet in width, which allows of four seats abreast, or a total

of forty-seven passengers.

The freight-cars have wheels of 20 inches diameter. The covered freight^car

weighs 10,000 lb. as against 17,000 lb. or 18,000 lb. for similar cars on the
4 foot 8 inch gauge ; and the narrow-gauge cars carry 8 tons as compared with
10 tons carried on the standard gauge. Thus a train of sixteen cars of the stan-

dard gauge would load twenty cars on the narrow gauge, and the total weight of the
narrow-gauge train would be 200 tons against 290 tons for the standard gauge,
i. e. a saving of 30 tons, equivalent to 22 tons of additional freight.

Thus on the narrow gauge the paying load bears a greater proportion to the dead
weight than on the standard gauge.

But the heavy weight of cars on the standard gauge has been brought about by
necessity of strength to resist shocks received in course of traffic.

The narrow gauge has been hitherto constructed so as to be as light as possible,

and the scantlings have been made in proportion to gauge ; but evidence is already

given of a desire to increase the weight ; and the weights carried on the cars show
that it is probable increased strength, i. e. weight, will have to be resorted to.

The great width which is coming into use for the cars, e. (/. 8 feet on a base of

3 feet, must be unstable ; and I do not think that this mode of increasing the pro-

portion of paying weight can stand. But if cars of 8 feet wide are run, but little

economy can be claimed for the 3-foot gauge on the ground of diminished width
of railway.

The longer tracks of tlie United-States railways enable all the plant to pass

easily round curves, and the use of radial axles also contributes to that end ; and
there was at the Exhibition the Miltimow axle, of which a specimen which had run
12,000 miles was shown, in which the wheels move on the axle independently of

the axle ; this materially diminishes friction on curves. A train with these axles

has been running on the 3-foot railway in the Centennial grounds. These ap-
pliances enable the standard gauge to be constructed with curves practically as

sharp as those on the 3-foot gauge.

The weight of rails depends on weight of engine : a standard-gauge engine can
be made as light as the 3-foot-gauge engine ; but the light engine will not draw
heavy weights up the steep inclines necessary for a line which follows the contours
of the groimd. In the United States the 3-foot gauge has the conveyance of cars

which can be more easily moved at stations than the cumbrous cars of the stan-

dard gauge.

The break of gauge entails a cost for transhipment of from 10c?. a ton where the
traffic is regular to Is. Gd. to 2.<. a ton where it is intermittent. The line may be
useful as a pioneer line ; but when the traffic becomes large it will have to be con-

verted to the standard gauge. A standard-gauge line would answer all purposes,

if made with a light rolliurr-stock.

On an Improved Orain-sieve. By J. H. Geeenhill.

On Improvements in Railway Applkinces. By 11. R. Harter.

Dock- and Quay-Walls, Foundations, ^r. By T. S. Hunter,

In this paper the author described the construction of dock- and qua^'-walls,

foundations of bridges, subways or timuels, sewers, and works of a similar nature,

and also the means used to facihtate such works.

In carrying on operations where the sinking of foundations has to be effected in

situations where water permeates the sand or soil so as to ilood the works, a dam
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may be employed, wholly or partly composed of clay tipped in front of tlie line of
fovmdations, a space for wliich has previously been dredged to the reqim-ed depth
•when necessary, or, in the event of clay not being within reach, an embankment
may be constructed composed of the local soil, faced with clay and coated with
stones in order to insure its stability. A water-tight dam is thus formed, and the
excavations for the foundations may be further protected by the insertion of piles,

either driven or screwed into the inner slope of the dam and also into the opposite
side of the cutting. The piles have vertical gi-ooves, into which a timber boarding
may be slipped, thus formmg a thoroughly dry box-dam in which foundations may
be built in situ ; or if no such box-dam be formed, the foundations may be sunk by
means of excavators.

For the construction of bridge-piers in open water, the site may be dredged to

the required depth and clay deposited, so as to form an embankment rising above
water-level, down tlirough which an excavation is made and the foundations built,

or through which they may be simk; they may also be floated into position.

To construct subways beneath water, the river-bed is dredged, and clay mixed
with ground chalk and cement deposited so as to form a water-tight roof to the
operations, and the subway may be formed by tunnelling through the body of the
clay, gi'ound chalk, and cement, if deposited in sufficient quantity.

The foundations may be formed of masses of stone masonry, brickwork, or con-
crete, whose horizontal section consists of two members at right angles to one
another, these members being hollow, to permit of excavation being carried on in

their interior while being sunk. Tongues or grooves of a semicircular or other
shape are formed on the ends of one of the members, the other constituting a
counterfort.

For the purpose of facilitating the sinking of foundations, the toe or bottom
should be surrounded with a shoe or curb.

The author then described at length the drawings which were exhibited.

In conclusion he stated, it is of the utmost importance that every facility should
be given to the free action of the ebb aud flow of a river, because an obstruction

weakens its action, thereby withdrawing a certain amount of force from its power.
The advantage of these walls is that they otter comparatively little resistance to

the water.

Walls of this description might be faced with hard rubble-stone of from 3, 4, 5,

6, 8, and 10 cwt. each, the remainder of brickwork or concrete. Iloman cement or
hydraulic lime ground with mine-dust or puzzolano might be used with advantage
in the work if of rubble built in situ.

When the deposition is of great depth, as in the Clyde, varying fromW to 90 feet

in some places, the breadth of base cannot be overestimated, more particularly

where subject to great weights. From tliis construction a base of 32 feet or more
would be obtained, thereby giving great stability, also affording accommodation for

water-, gas-, and sewage-pipes.

The alveus or channel of a river is subject to move upwards as well as sidewise,

from causes not always in the immediate vicinity but at a distance.

On Reuleaiuvs Treatment of Mechanisms. By Prof. A. B. W. Kennedy.

Importance of Hydro-Geolocjical Surveys from a Sanitary point of view.

By Baldwin LATHAir, C.E.

The author in his paper pointed out that all subterranean stores of water were
due to the rainfall percolating into the earth, but that there were matters which
aftected the quantity of water percolating, such as the nature of the outcrop of the
strata receiving the rainfall, the volume of the strata, the lithological character,

and the free communication between different parts. The water held in store in

the earth did not, as a rule, maintain a horizontal level, but the surface possessed
a considerable fall in directions corresponding to the points of the discharge of the
springs. The inclined surface of the water pointed to its movement in the direc-

i
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tion of its outfitll or natural vent. The water-level, therefore, of subterranean

strata meant a line drawn from the highest point at which it accumulated to the

lowest point of vent. The inclined surface of the water was the measure of the

element of friction and molecular attraction which interfered with the free dis-

charge of the water, so that it was retained in subterranean reservoirs and but

slowly discharged from them. The subterranean currents obeyed the same laws,

with reference to their How, as streams which move on the surface of the earth.

A number of examples were given as to the rates of fall of subterranean water, and

also as to the elevation to which water did rise in particular years in the earth. It

was shown that the elevation of the subterranean water between the town of Wat-
ford and the highest spring which issued from the chalk liills was 300 feet in a

distance of fourteen miles, and between the Colne and the River Thames at

London Bridge, a distance of fourteen miles, the water fell at the rate of 13 feet

per mile. Near the Middle Chalk the rate of fall varied from 13 feet 6 inches to

19 feet (3 inches per mile, and in the Tertiary beds at Garrett the fall was 5 feet

per mile, and in the same formation at Waltham Abbey 4 feet per mile. The well

of Grenille, iu the Lower Greensand, indicated a fall of 2 feet per mile. A table

was given showing the rate of fall of subterranean water in the neighbourhood of

Croydon, which was shown to vary from 8 feet per mile to 94 feet per mile ; and
the subterranean water, as ascertained by wells sunk in the boulder-clay at East

Dereham, Norfolk, showed that the water-level varied from 2 feet in a mile in the

flat tableland to 100 feet in a mile in the valleys. The author pointed out the

importance of pure water with regard to health, and gave several examples showing
the deleterious effects of the drainage from cesspools and cemeteries upon water-

supply and tlie health of the persons using it; he also pointed out the importance

of iiscertaining the direction in which subterranean water was moving, in reference

to the construction of wells and cesspools, and that a small amount of considera-

tion with regard to the relative positions of the well and cesspool in a coimtry-

house^ may make all the diti'erence between rendering it healthy or unhealthy.

With regard to epidemics of enteric fever, whether directly ascribed to water or

milk, the author observed that in every case recorded the water had invariably

been procured from wells ; and while it was singular that so much attention was
paid to the pollution of rivers flowing over the surface of the ground, which had
never been traced to be the cause of disease, no one had thought of the great evils

which had residted, and would result, from the pollution of underground sources

of water-supply. The object of the author was to direct attention to this impor-

tant subject, and to point out that where the use of cesspools was unavoidable,

there were ways in which they might be introduced without the possibility of

polluting the water-supply when it can only be procured from a local well.

' On the Direct Motion of Steam- Vessels. By E.. Mansel.

On the Strength and Fracture of Cast Iron. By W. J. ^Iillar.

The object of the present communication is to describe certain phenomena
observed by the writer when engaged in testing cast-iron bars.

The bars were about 40 inches long, 2 inches deep, and 1 inch broad. Th&
distance between supports (or span) when placed in testing-machine wasSG inches.

The load was aj.plied gradually and at ctutre of span.

In general the bars broke with straight fractures ; the direction of fracture being
in line of application of load. In some cases, however, curved forms of fracture

were observed.

During the course of testing it was observed that the curved fractures divided the
span more or less unequalh-, whilst the straight fractures, with few exceptions,

divided the span into equal portions.

After a carefully conducted series of experiments, the writer finds that the

form of fracture conclusi\e]y points out the position of fracture, viz. that bars
showing straight fractures have broken at or close to centre of span, whilst bars
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showing curved fractures ha^e broken at points more or less removed from centre
of span, and that in general the curve of fracture increases with distance of fracture
from centre.

In all cases the fractured parts were found to fit exactly together, no piece of the
metal being thrown out on fracture talcing place ; and where the fractures were
curved the line of fracture pointed towards point of application of load, the results

of several experiments showing that fracture commences at the convex side of the
bar and passes upwards, gradually curving towards centre of span.

The curved fractures occur also in bars of 1 square inch section, their forms not
being, however, so well marked as in the bars already referred to.

With a view to obtain the relati\ e strength of bars showing straight and curved
fractures, a note was kept of the hreaking loads, deflection, forms, and positions of
fracture, the result of which is given in Table I.

(The results given in ths following Tables are all from bars of 2 inches deep,
1 inch broad, and 36 inches span.)

Table I.

Position of Fracture.
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From these experiments it appears that the " set " decreases with successive
applications of the same load.

This decrease of set also appears to obtain even when the load applied is an
increasing one.

The results obtained from 10 bars are given in Table IV.

Table IV.

Average results obtained from 10 unbroken bars with increasing loads.

Loads 3360 lb. 3-920 lb. 4480 lb.

Average deflection .... 341 in. '307 in. -388 in.

Average set '026 in. •014 in. 'OOS in.

On a SpJierical Pendulous Safety- Valve. By James Nasmyth, F.E.S.

On the Investigation of the Steeriny Qualities of Ships. By Prof. Osbornk
Reynolds.

[Printed in extenso among the Eeports, p. 70.]

On a New Form of Lamp. By E. Lavender.

The construction of the lamp is a glass lantern 18 inches square, with a funnel or

chimney 24 inches high, into which is introduced a jet of steam about ^\ inch

across when the pressure of steam is about 201b. to 301b. per square inch; if

the pressm-e is less the jet must be larger, if higher smaller, the object of the jet

being to create a partial vacuum in the lantern—the consequence 'feeing that the
surrounding air is forced through the burner of the lamp and causes a very com-
plete combustion of the oil.

A very brilliant light is produced, which is increased partly owing to the pro-

ducts of combustion being continuously removed and a volume of fresh air being
introduced.

The lamp or biumer is constructed for a circular wick, and upon the principle of

admitting the air to play upon the outside of the wick, and also by a disk another
column is thrown upon the inside of the wick ; another current of air is also

carried through the centre of the flame. The metal cap is constructed so as to

bring the flame into a centre, through the orifice of which it is drawn by the jet of

steam in the chimney. The oil supply is contained in a shallow vessel, which is

heated by a jet of steam before being burned, as many of the oils that may be used
would become thick in cold weather.

The results obtained from a 4-inch wick have been equal to a light of upwards
of six hundred sperm candles, the cost of which, with oil at 9d, per gallon, is under
Irjl. per hour. The oil was supplied by Messrs. Young's Paraffin Light Company,
and is a product from shale and is a part of the oil that hitherto has been of
little use.

The cost of burning an open fire, such as is used at many pit-heads, is from ten
to twelve hundredweight of coal per night ; it is a most uncertain and dangerous
light.

Whilst the author's lamp was designed for collieries, loading-banks, sheds,

sidings, ships, &c., he thinks that it will be of great service to the public.

On Boiler Incrustation and Corrosion. By F. J. Rowan.

The importance of the subject is alluded to, especially to marine engineers, who
have most keenly felt its difficulties, while the range of interests involved by it is

as wide as the use of steam.

The present state of general information about it being unsatisfactory, we have
187G. 20*
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to seek in a combination of chemistry and mechanical science for the needed eluci-

dation of its problems.

The course of investigation has been marked by the suggestion of various em-

pirical remedies, which are pointed out, but which have failed to reach any good

result, the actions to be counteracted not being understood.

Incrustation and corrosion are not one action, but dissimilar ones, although they

are often found united in boilers, and therefore both must be noticed.

Incrustation is first considered, Dr. J. G. Rogers, of Madison, U. S., being quoted

(from ' Chem. News,' vol. xxvi.) for the non-conductibility of crusts and the pro-

portionate increase of temperature which their presence in boilers renders necessary.

Boilers subject to incrustation are divided into two classes :

—

1. Land boilers using natural fresh waters ; and

2. Marine boilers using sea-water.

1. The average quality of natural fresh waters is illustrated by analysis of Eiver-

Clyde water, as formerly supplied to Glasgow ; and an analysis also by Dr. Wal-
lace of crust deposited from that water is given. The case is then quoted of the

boilers at a mill in Barrowfield still using that water, but in which the formation

of crust is prevented by the use of a quantity of soda-ash.

The action of soda-ash under these circumstances is described; it causes the'

decomposition of the sulphate of lime and rapid deposition of the neutral carbonate

as powder. Where bicarbonate of lime is present, it is also precipitated as neutral

carbonate in a powdery form, one equivalent of carbonic acid being liberated.

Neutral carbonate being thus formed rapidly, has not power to adhere to boiler

surfaces ; while, if deposited slowly by heat from the bicarbonate, it is crystalline

and does adhere.

M. Bidard of Rouen, author of papers on this subject in ' Annales Industrielles,'

has made numerous examinations of boiler-crusts, which show, according to him,

that organic matter has power to agglomerate carbonate of lime and form crust

by a process of " baking." His opinion is quoted from one of his letters to the

author.

Fresenius, quoted in a paper by Dr. Wallace in ' Proc. of the Phil. Soc. of Glas-

gow,' vol. iv., ascribes this agglomerating power to sulphate of lime. Bidard's

explanation applies where carlDonate and not sulphate of lime predominates, because

sulphate is able to form crusts where no organic matter is present, as in some
crusts from marine boilers. The use of too much soda-ash is inj urious, and pre-

cautions are given, with a little further illustration of its action in boilers.

It is proposed to apply it in the feed-tanks or cisterns generally attached to

boilers, allowing the lime to be deposited there to save constant blowing off.

Various other preventives of incrustation are noticed, including De Hiien's

method of using barium chloride and milk of lime, founded upon the investiga-

tions of J. Y. Buchanan (Roy. Soc. Proc. vol. xxii.) , and some details of comparative

cost in working with this process are given from Dingler's Polyt. J. ccxvii.
_

As the most complete preventive of incrustation, which is otherwise scientifically

desirable, the author advocates the use of surface condensers in connexion with

land boilers.

2. Although modern systems of marine engine practice have removed incrusta-

tions from marine boilers by the introduction of surface condensation, there is still

some necessity to consider incrustation as applying to them, because of a tendency

to return to the ancient regime in consequence of difficulties with corrosion. The
evil effects of incrustation are felt more heavily in marine practice from its con-

ditions of using sea-water, which contains a large amount of solids, and of limited

space for carrying fuel and chemical reagents and for repair of boilers.

The inappHcability of the chemical method is pointed out, reference being made
to experiments of Mr. Jas. R. Napier, F.R.S., published in Proc. Phil. Soc. Glasg.

vol. iv.

Working with fresh water is the only sensible and efficacious method ; but when
this has been used it has brought with it the evils of corrosion.

Analyses of sea-water from the Black Sea, and of six samples of marine-boiler

crusts found at various pressures, are added, with remarks on some of these by
Dr. Wallace (from Proc. Phil. Soc. Glasg.), and extracts from a paper in Dingler's

I
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Pol)^;. J. ccxii., by Dr. Ferd. Fischer, confirmatory of these remarks, and showing
the influence of elevated temperature and pressiu-e on the decomposition of various
salts in water.

Corrosion.—Causes of corrosion of exterior of boilers are briefly glanced at,

including damp settling, accumidation of damp ashes and of soot, accompanied by
careless tiring, which causes sulphur, acids, and other corrosives to combine with
the soot.

\s'\ih regard to corrosion of the interior of boilers, investigations on various cor-

roding forces are first quoted. Prof. Grace Calvert's experiments on the action of
sea-water and of various gases on metals are alluded to, to prove that sea-water
exerts such an action upon steel and iron, that carbonic acid, in presence of water,
acts energetically, and that distilled water, free from gases, has no action.

The application of these researches by W. Kent (of the Stevens U.S. Institute

of Technology) to the examination of the corrosion of iron railway-bridges in the
United States is then referred to ; and the investigations of A. Wagner (from
Dingl. Polyt. J. ccxviii.), on the influence of various solutions on the rusting of iron,

are quoted. This author corroborates Calvert's report of the action of carbonic
dioxide, and notes the fact that the presence of chlorides of magnesium, ammonium,
sodium, potassium, barium, and calcium in water largely increases the production
of rust, the action of chloride of magnesium alone being increased by heat.

These facts correspond with that observed by J. Gamgee, that lime solutions

used as media of congelation in ice-making corrode the pipes or channels which
convey them.

Stingl's valuable contribution to this subject, viz., his paper on the effects of
condensed water containing grease on boilers fed with it (Dingier, Polyt. J. ccxv.),

is quoted at some length.

This author proves that gi-ease, with a small quantity of salts of lime and mag-
nesia, at a temperatiure not exceeding 60° to 70° Cent., forms lime-soap, which,
under the influence of a higher temperature, partially decomposes iuto free fat

acid and a basic lime-soap, which adheres to the boiler-surfaces, the free acid,

which is usually oxalic acid, attacking and dissolving the iron. In the crust the
fat is recognized by the addition of hydrochloric acid, the separated organic mass
being afterwards shaken with ether.

Even with lime and magnesia salts present in very insignificant proportion, the
presence of grease is injurious, as, with saponification, under considerable pressure,

a small quantity of lime suffices to occasion the splitting up of a neutral fat into

free fat acid and glycerine. With low pressure the same action proceeds more
gradually.

Various cases of corrosion from greasy water are noticed by this author, and in

particular that of a steam-boiler of Cornish design, into which the condensed steam
from two engines (of 300 and 100 horse-power) was fed. This boiler was con-
structed of steel ; and after only three weeks firing was leaking in the fire-tubes.

A deposit was found adhering to the upper part of the tubes, of which the analysis
is given. The water in the boiler had a milky appearance, which was at once re-

moved by ether. Ether is recommended as a good qualitative test for the presence
of grease in water.

The analysis of the condensed feed-water is given, and the various operations in

testing the deposit from it also recorded.

Means were adopted to purify this water by precipitation of the calcium carbo-
nate and part of the magnesium carbonate along with the grease, which was can-ied

down with the precipitate, and by subsequent filtering ; and the analysis of the
purified water is given. The boiler afterwards worked for three months with this

water without any bad results, a pure deposit, consisting principally of magnesium
hydrate and calcium cai-bonate and sulphate, being found to a small extent on the
surfaces of the boiler.

Finally a letter addressed by the author to ' Engineeiing ' (Oct. 1874) is

referred to, in order to call attention to the difference between pure natm-al waters
and genuine distilled water, i. c. distilled water free from air. The difference con-
sists in the presence of gases in all natural waters. The distilled water from sur-

20*
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face condensers of steamers necessarily contains some air, and it is therefore not

"genuine distilled water."

Examples of boilers subject to corrosion are classed under tbe heads :

—

1

.

Land boilers using natm-al fresh water ; and
2. Marine boilers.

1. Loch-Katrine water, from its gi'eat pmity, affords the best opportunity of

studying the effect of pure natural water on boilers. The former water-supply of

Glasgow having been calcareous, the boilers using it became coated with lime, and
did not suffer in consequence when afterwards supplied fi-om Loch Katrine. In

cases where the lime coating was removed corrosion quickly set in, and new boilers

working with Loch-Katrine water from the first were rapidly destroyed. Several

examples illustrating these points are quoted, and the remedy adopted is described.

This was the formation of an artificial coating of lime by feeding a whitewash for

some time into the boilers.

Analysis (by Dr. Mills) of Loch-Katiine water is given ; and by reference to the

investigations of Calvert and Wsgn^r its action on iron is explained.

2. Marine Boilers.—Those using exclusively fresh water ai'e cited, viz. Rowan
and Horton's and Perkins's, to illustrate the kind of corrosive action known imder
these circumstances. The author's letter to ' Engineering' gives the remedies used

in the case of Kowan and Horton's boilers.

Another instance of a coasting steamer using nearly all fresh water in her boilers,

which, however, were destroyed by corrosion, is quoted. This instance was com-
municated to the Graduate section of the Institute of Engineers in Scotland by
Mr. Jas. Gilchrist. It was found by two chemists that the decomposition of ii'ou

in her boilers was caused by the use of tallow. The author points out that the

chemists did not make allowance for the presence of a small quantity of sea-water

in the boilers, and its decomposition setting free hydi-ochloric acid.

The description of corrosion given by Mr. Miller in his paper communicated to the

Cleveland Iron-Trade Foremen's Association is quoted, as this author enters fully

into the matter, and describes two examples which well illustrate the general

practice of the day in marine engineering. His deductions from the circum-
stances of these two examples are combated ; and the author proceeds to show that

corrosion in marine boilers, where a proportion of sea-water is used, is due to de-
composition of the magnesium chloride of the sea-water, and to the liberation of

the carbonic acid held in solution by repeated boUiug.

The popular error that corrosion is due to some change produced in the constitu-

tion of water by redistillation is pointed out, as is the fact that in no case of marine
practice has distilled water, pure and simple, ever been present so that its efiects

might be examined.
The author proposes as a remedy the coating of all new boilers with calcium

sulphate and magnesium hydrate artificiallj', and thereafter the exclusive use of

fresh water, which does not dissolve such a coating.

On an Apparatus for cleaning Filtering-Sand.

By John Lang, C.E., Kirlccaldy.

The sand is tipped from wheelbarrows into a box, in the under part of which
there is a diaphi-agm pierced with many small holes, through which a supply of
water under pressure is introduced. The sand is agitated by the cm-rent, and the
mud and water flow over the top of the box. When the water Hows over clear, a
door in the side is opened, the clean water is discharged into wheelbarrows below
and is conveyed to the filter. The size of the apparatus depends altogether on the
mag-nitude of the supply of water, and its success depends on the size being adapted
to the supply. From very many experiments with various sands, the best con-
ditions were found to be that the water should pass through the box with a
velocity of from 3 feet 9 inches to 4 feet per minute, and that the box should be
27 iuclies in height. This apparatus, as used in the Kirkcaldy and Dysart Water-
v/orks, had been found, in respect to tlioroughness and in economy, to be very
greatly superior to the former machines. It is able speedily to wash fresh pit-
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sand, or to rewash the sand foimuig the body of the filter ; but it was explained

that it was unable to wash the impmities fi-om the filter-scrapings. Neither the

old machines nor any mechanical means even in the laboratoiy are able to do this.

By cai-eful experiments, samples of the mud on the surface of the Kirkcaldy filters

were obtained separate from the underlying sand ; and it was found that 100

parts of the mud consisted of about 9o parts of diatoms, 4 parts of animalcules,

and 1 part of inorganic matter, beside the sarcoid matter of the diatoms from
which the oifensive smell of the mud is derived. The only way to recover the

sand from these scrapings is to allow them to lie exposed to the air for some
years, until the sarcoid matter is decomposed. The flinty valves of the diatoms

may then be removed by washing. A portion of the mud passes below the siu'face

into the body of the filtering-sand, and in course of years is spread through its

interstices and reaches even to the bottom. This mud consists almost wholly of the

frustules of two minute kinds of diatoms, Orthosira and Cymhella ; and by means
of the microscope, used sand may be at once distinguished from fresh sand by the

presence of these. They are easily removed by washing.

On a Pneumatic Tramway Car. By W. D. Scoit-Monceeiff.

On an Elevating Steam Ferry. By Wm. Simons.

The object of this vessel is to supersede the present inclined approaches or slips

to'ferry stations, and therefore lessen the wear and tear in horses and haulage, to

enable a gre<ater traffic to be conducted with greater dispatch and economy and
on the same level as the adjoining quays. The valuable ground required for slips

is unnecessary, and the ferry-steamer is not confined to a special berth or locality.

To effect the above objects, it is proposed to construct a steamer with a centre

platform of sufficient capacity for the traffic, and capable of being elevated and
lowered to suit the rise and fall of the tide, and thus enable the vessel to receive

{level with the adjoining quays) waggons, goods, horses, caniages, and passengers.

On the Brake Problem. By James Steel.

On Communications hetiveen Passengers and Chiards in Railway Trains.

By "W. Stroudlet.

On Naval Signalling. By Sir "W. Thomson, F.E.S.

On Steam-Shi2i Resistance. By J. Evelyn Williams.
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ClitFord (Prof.) on instruction in elemen-

tary geometry, and on the syllabus

drawn up by the Association for the

improvement of geometrical teach-

ing, 8.

" Close time " for the protection of indi-
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aerolitic meteors, and abstracts of

recent researches on them, 168.

Flow of water through orifices, improved
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Froude (W.) on the effect of propellers

on the steering of vessels, 66.

Fuller (Prof.) on instruction in elemen-

tary geometry, and on the syllabus

di'awnup by theAssociation for the im-
provement of geometrical teaching, 8.

Galton (Capt. D.) on the circulation of
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syllabus drawn up by the Association
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nolds on the investigation of the, 70.
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under water, 204.

Thermal conductivities of certain rocks,
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19.

Thomson (Prof. J.) improved investiga-

tions on the flow of water through
orifices, with objections to the modes
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(Prof Sir W.) on the eflect of

propellers on the steering of vessels,

66; on earthquakes in Scotland, 74;
on underground temperature, 204 ; on
the mechanical equivalent of heat,

275 ; on tidal observations, 275.

Tidal observations, report of the com-
mittee appointed to promote the ex-

tension, improvement, and harmonic
analysis of, 275.

Tiddeman (R. H.) on the exploration of

the Settle Caves, 115.

Tomlinson (C.) on the rainfall of the

British Isles for the years 1875-76,

172.

Townsend (Rev. Prof.) on instruction

in elementary geometry, and on the

syllabus drawn up by the Association

for the improvement of geometrical

teaching, 8.

Treatment and utilization of sewage,

eighth report on the, 225.

Tristram (Rev. Canon) on the possibility

of establishing a " close time " for

the protection of indigenous animals,

63.

Underground temperature, ninth report

on the rate of increase of, downwards
in various localities of dry land and
under water, 204.

waters in the New Red Sandstone

and Permian formations of England,

the circulation of the, and the quan-

tity and character of the water sup-

plied to various towns and districts

from these formations, second report

on, 95.

Utilization of sewage, eighth report on

the treatment and, 225.

Vivian (E.) on the exploration of Kent's

Cavern, 1.

Whitaker (W.) on the circulation of

underground waters, 95.

Williamson (Prof. A. W.) on the treat-

ment and utilization of sewage, 225.

Wilson (J. M.) on instruction in ele-
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the improvement of geometrical
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Woodward (C.J.) on the erratic blocks

of England and Wales, 110.

Wynne (A. B.) on undergi-ound tem-
perature, 204.
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*Abics, the structure of the leaf in

different species of, Prof M'Nab on,

144.

•Abuey (Capt.), photometric measure-
ments of the magneto-electric light,

3(i.

Accident insurance by sea and land, P.

M. Tait on the theory and practice of,

208.

Aconites, the alkaloids of the. Dr. C. E.

A. Wright on, 71.

•Acoustic analogues to motions in the

molecules of gases, G. J. Stoney on,

31.

Adams (Prof A. Leith) on gigantic

land-tortoises and a freshwater species

from the Maltese caverns, with obser-

vations on their fossil fauna, 145.

Africa, Equatorial, Commander Cameron
on his journey through, 181.

*
, South-Eastern, Mr. Stephenson

on the civilization of, 208.

Age of the Earth, J. Croll on the tidal

retardation argument for the, 88.

Agricidtural statistics, W. Botly on, 194.

Agriculture, primitive, A. W. Buctland
on, 164.

*Akem, and its people, West Africa,

Capt. J. S. Hay on, 183.

*Akkem, West Africa, Capt. J. S. Hay
and Commander Cameron on horned
men of, 165.

Alcohol, the action of, on the brain, C.

Kingzett on, 154.

•Alexander (General Sir J.) on the

oldest woman in Scotland, 164.

•Alkali waste, W. Weldon on the means
of suppressing, 70.

Alkaloids of the aconites. Dr. C. R. A.
Wright on the, 71.

Allan (F. H. T.) on a safe and rapid

evaporating-pan, 61.

*Alum process in sugar-refining, J. A.

R. Newlands on the, 66.

•Ammonic seleniocvanide. Dr. Cameron
on, 63.

Anatomy and Physiology, Dr. J. G.
M'Kendrick's Address to the Depart-
ment of, 120.

•Andaman Islands, two skidls from the,

Dr. Allen Thomson on, 169.

•Aniline, the transformation of chinoline

into, Prof Dewar on, 63.

•Animals, J. Shaw on the mental pro-

gress of, during the human period,

169.

*Antedon rosacevs (Comatula rosacea,

Lamk.), the nervous system of. Dr.

W. B. Carpenter on, 146.
*

, Dr. W. B. Carpenter on the

morphology and histology of, 148.

Anthracene compounds, some new, W.
H. Perkin on, 67.

testing, J. T. Brown on, 62.

•Arenaceous Foraminifera collected in

the ' Valorous ' expedition. Dr. W. B.

Carpenter on the, 146.

Argyll (the Duke of) on the physical

structure of the Highlands in connexion

with their geological history, 81.

Arithmetic, W. H. Walenn on division-

remainders in, .30.
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Arrow-beads, W. J. Kuowles ou the

classificatiou of, 166.

•Artluirian apple and the serpent of the

ancients, J. 8. PhentS on the, 1G9.

•Aiticiilate speech, a hypothesis of the

perception of, Dr. Cassells on, 148.

Astronomical clock, a new fonn of, with
free pendulum and independently
governed uniform motion for escape-

ment-wheel. Sir W. Thomson on, 49.

Atlantic Ocean, the temperature obtained

in the, during the cruise of H.M.S.
' Challenger,' Staff-Commander Ti-

zaid on, 18o.

'Atmosphere, an apparatus for the

analysis of impiu-ities in the, E. M.
Dixon on, 6.3.

•Atomic weights of the elements, J. A. R.
Newlands on relations among the, 66.

•Ayrton (Prof.) and Prof. Perry on the

contact theory of voltaic action, 42.

*13agshot peat-beds, W. S. Mitchell on
the, 94.

Baird (Capt. A. W.) on tidal operations

in the Gulf of Cutch by the Great
Trigonometrical Survey of India, 52.

Balfour (F. M.) ou the development of the

proto-vertebr£B in Elasmobranchs, 147.

(J. B.) ou the Pandanete of the
Masearene and Seychelles Islands, 142.

"Banks (.1.) on sewage piu-itication and
utilization, 62.

•Barrett (Prof.) on a form of gashol-
der giving a uniform flow of gas, 48

;

•diagrams and description of the new
lecture-table for physical demonstra-
tion in the Royal College of Science
for Ireland, 48 ; *two new forms of

apparatus for the experimental illus-

tratiou of the expansion of solids by
heat, 48 ; *on some phenomena asso-

ciated with abnormal conditions of
mind, 164.

•Basic salts, G. J. Stoney on the consti-

tution of, 69.

•Bathometer, description of the, by Dr.
C. W. Siemens, 31.

•Beaumont (Major)on the Siib-Wealden
exploration, 87 ; *on the removal of
subaqueous rocks by the diamond
rock-borer, 219.

•Bergeron (M.) on the removal of sand-
bars from harbour mouths, 219.

•Beynon (J. B.) on a hand-machine for

shaping and finishing metal surfaces,

219.

•Biggs (H. W.) on a new voltaic bat-
tery, 62.

Biological results of a cruise in H.M.S.

' Valorous ' to Davis Strait in 1875,

J. Gwyn Jeffreys on the, 147.

Biological Section, A. R. Wallace's Ad-
dress to the, 100.

Bismuth, certain compounds of, M. M.
P. Midr on, 66.

Boarding-out of pauper children in Eng-
land, W. Tullack on the, 209.

Boiler incrustation and corrosion, F. J.

Rowan on, 229.

•BoiTowdaile series of the Coniston flags

of the north of England, Profs. Hark-
ness and H. A. Nicholson on the

strata and fossils between the, 90.

Bosanquet (R. H. M.)on the conditions

of the transformation of pendulum-
vibrations, with an experimental illus-

tration, 45.

•Bosjes skulls, Dr. Knox on, 166.

Botany and Zoologj', Prof. A. Newton's
Address to the Department of, 119.

Botly (W.) on agricultural statistics,

194.

•Bottomley (J. T.), determination of

the conductivity of heat by water, 36.

Boulger (G. S. ) on the evolution of sex
in the vegetable kingdom, 142.

*Bowden (A.) on a new route to the

source of the Niger, 181.

•Brake-problem, J. Steel on the, 2.33.

•British Guiana, W. Harper on the

natives of, 165.

Brooke (H. G.) and E. O. Hopwood on
the changes of the circidation which
are induced when the blood is ex-
pelled from the limbs by Esmai'ch's

method, 147.

•Brown (A. B.) on a flanging-ii'on and
steel plates for boiler purposes, 219

;

on an engine for starting and rever-

sing large marine engines, 219.

(Colin), true intonation, illus-

trated by the voice-harmonium with
natural finger-board, 46.

(Prof. Crum) on the action of

peutachloiide of phosphorus on tur-

pentine, 62.

(J. T.) on anthracene-testing, 62.

Bryce (Dr. J.) on the granite of Strath-

Errick, Lough Ness, 87.

•Buchanan (J. Y.) on some instruments

used in the ' Challenger,' 63 ; *on the

specific gravity of the surface-water

of the ocean as observed during the

cruise of H.M.S. 'Challenger,' 181;
•on a new deep-sea thermometer, 181.

Buckland (A. W.) on piimitive agricul-

ture, 164.

Burt (Rev. J. S.) on the economy of

penalties, 195.
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Busacott (Rev. A.) on the present ex-
tent of slavery and the slave trade,

with a reference to the progress of

abolition since the iimerican war,
196.

Caird (A. M'N.) on some special evils

of the Scottish poor-law, 197.

Cameron (Commander V. L.) on his

journey through equatorial Africa,

181 ; *and Capt J. S. Hay on honied
men of Akkem, in Africa, 105.

* (Dr.) on ammonic seleniocyanide,

63.
* (Rev. Mr.) on relation of Gaelic

and English, 164.

CanidcB, the brain of the, R. Garner on,

152.

Capital, Hyde Clarke on the part in the

operation of, due to fixed or limited

amoimts invested in trade, 198.

•Carbonic acid, liquid, in minerals, W.
N. Hartley on the critical point of,

64.

Carboniferous system of the British

Isles, Prof. E. Hull on the upper
hniit of the essentially marine beds of

the, and the necessity of the establish-

ment ofa middle Carboniferous group,
90.

*Carmichael (Dr. N.) on spontaneous
evolution aud the germ theory, 146.

•Carpenter (P. H.), remarks on the
anatomy of the arms of the Crinoids,

146.
* (Dr. W. B.) on the Arenaceous

Foraminifera collected in the ' Valor-
ous ' expedition, 146 ; 'further re-

searches on the nervous system of
Antedon rosaceus {Comattda rosacea,

Lamk.), 146 ; *on the morphology
aud histology of the uer^ous system
of Antedon rosaceus {Coniatida rosa-

cea, Lamk.), 148.

Carrou valley, county of Linlithgow,
D. Mine-Holme on high-level terraces

in, 94.

*Cassells (Dr.) on a hypothesis of the
perception of articidate speech, 148.

Cast iron, W. J. Millar on the strenglh

and fracture of, 227.

*Cement, G. F. Deacon on the form of
blocks for testing, 220.

Central nucleus of a plane section, Prof.
G. Jung on a new construction for

the, 25.

•Centroids and their appUcation to

some mechanical problems, Prof. A.
B. W. Kennedy on, 26.

Cerruti (G. E.) on his recent explora-

tions iu N.W. New Guinea, 182.

(V.) sur les mouvements aperio-

diques des systemesde points materiels,

Cetacea, Dr. D. J. Cumiingham on the
spinal nervous system of the, 149.

* Ceylon, B. F. Hartshorne on t^.the

Rodiyas of, 165.
*' Challenger,' some instruments used in

the, J. Y. Buchanan on, 63.

Changes affecting the southern exten-

sion of the lowest Carboniferous rocks,

G. A. Lebour on the, 93.

Chemical Section, W. H. Perkin's Ad-
dress to the, 55.

•Cheques, &c., F. Ward on the preven-
tion of fraudulent alterations in, 70.

*Chinohne, the transformation of, into

aniline, Prof. Dewar on, 63.

•Chippeudall (Lieut. W. H.), observa-
tions on the White Nile between
Gondokoro and Appuddo, 182.

* CkoreocJiolax polysiphoniie, Reinsch,
Prof. M'Nab on, 144.

Chromium, J. Priestley on the physio-
logical action of, 156.

Cii-culatiou, H. G. Brooke and E. O.
Hopwood on the changes in the, which
are induced when the blood is expelled
from the limbs by Esmarch's method,
147.

Clarke (Hyde) on the prehistoric names
for man, monkey, lizard, &c., 165 ; on
Hittite, Khita, Hamath, Canaanite, Ly-
dian, Etruscan, Peruvian, Mexican,&c.,
165 ; on the part in the operation of

capital due to fixed or limited amounts
invested in trade, 198.

Clelaud (Prof) on the morphological
relations of the lower end of the hu-
merus, 148 ; *on a hydrocephalic
skull, and on the duplicity of the
temporal ridge, 149; *on a Sooloo
skull, 165.

Closed curves, general theorems relating

to, by Prof. P. G. Tait, 29.

•Clyde, Col. Hope on the pui-ification of
the, 64.

Coal, Prof. E. HuU on a deep boring for,

at Scarle, near Lincoln, 91.
•

, Prof. J. Thomson on ridgy struc-

ture in, with suggestions for account-
ing for its origin, 96.

• gas, the proximate analysis of,

W. Dittmar on, 63.

measures, recent researches into

the organization of some of the plants
of the, bv Prof. W. C. Williamson,
98.
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*Colm (Prof.), experiments on the for-

mation and g-rowth of artificial silica

cells, 146.

Coleman (J. J.) on a gas-condensing

machine for the liquefaction of gases

by combined cold and pressure, re-

cently employed in the manufacture

of vol .tile liquid hydrocai-bons, 63

;

•experimental researches on the che-

mical treatment of town excretion, 03

;

on a machine for the liquefaction of

gases bv combined cold and pressure,

220.

•Communications between passengers

and guards in railway trains, 2.33.

Compass, an unmistakable true north, G.

J. Symons on, 49.
* correction in iron ships, Sir W.
Thomson on, 45.

•Concrete, G. F. Deacon on the strength

of, as affected by delay between

mixing and placing in situ, 220.

•Conductivity of heat, determination of

the, by water, by J. T. Bottomley, 3G.

•Contact electricity, Sir W. Thomson
on, 45.

Convergents, T. Muir on, 27.

Copper extraction by the wet way, the

history of, by W. Henderson, 64.
• zinc couple, Prof. Gladstone on

the influence of the condition and
quantity of the negative element on
the action of the, 64.

Coral Sea, explorations in the islands of

the, by K. Nichols, 167, 183.

Cotarnine derivatives, new, Dr. C. R. A.
Wright on, 70.

Cremona (Prof. L.) sur les systemes de

spheres et les systemes de droites,

12.

•Crinoids, remarks on the anatomy of

the arms of, by P. H. Carpenter, 146.

*Croll (J.) on the transformation of

gravity, 30 ; on the tidal-retardation

argument for the age of the earth, 88.

Crookes (W.) on the influence of the

residual gas on the movement of the

radiometer, 30.

Crum-Ewing (A.) on drainage outlets

through slob lands, 220.

•Cunningham (Dr. D. J.) on Delphinus

albirostrix, 146; on the spinal nervous

system of the Cetacea, 149.

•D'Mmeida (W. B.) on Perak and Sa-

langore, 182.

Darwin (G. II.) on graphical interpola-

tion and integration, 13.

•Darwinism, Rev. F. 0. Morris on a

double dilemma in, 147.

Day (St. J. V.) on recent attempts at

patent legislation, 198.

•Deacon (G. F.) on the form of blocks

for testing cement, 220; *on the

strength of cement aa aft'ected by de-

lay between mixing and placing in

situ, 220.

Deas (J.), description of Stobcross Docks,

220.

*Deep-sea soundings, navigational, in a

ship moving at high speed. Sir W.
Thomson on, 54.

'Delphinus alhirostris, Dr. D. J. Cun-
ningham on, 146.

De Rauce (C. E.) on the variation in

thickness of the middle coal-measures

of the Wigan coal-field, 89.

Determinants, J. W. L. Glaisher on

certain, 13.

•Determination of the conductivity of

heat by water, by J. T. Bottomley,

36.

Dewar (Prof. J.) on a new form of

electrometer, 42 ; *on the transforma-

tion of chinoline into aniline, 63

;

*recent additional observations on the

physiological action of sight, 151.
^

Dickson (Prof. A.) on two monstrosities

of Matricaria inodora, 143 ; on latici-

feroua canals in fruit of Limnocharis

Plumieri, 144.

•Diet, the racial, in India, Surgeon-

Major Johnston on the dynamics of,

154.

•Diffusion of liquids, secular illustration

of the laws of the, 35.

*Dioneea muscipula (fly-trap), new re-

searches on the electrical phenomena
consequent on irritation of the leaves

of the, by Prof. Burdon Sanderson,

163.

•Dittmar (W.) on the proximate ana-

lysis of coal'gas: remarks on Re-
boid's paper on pyro-tartaric acid, 63.

Division-remainders in arithmetic, by
W. H. Walenn on, 30.

•Dison (E. M.) on an apparatus for the

analysis of impurities in the atmo-

sphere, 03.

Dobson (T.) on improved safety-appa-

ratus for mine-hoists and warehouse-

Ufts, 222.

Dock- and quay-walls, foimdations, &c.,

T. S. Hunter on, 225.

Drainage outlets through slob lands, A.

Crum-Ewing on, 220.

Drifts and boulders of tlie upper part of

the valley of the Whaiie, Rev. E.

Sewell on the, 95.

•Dunnachie (J.) on fire-brick, 63.
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'Earthquake districts of Scotland, Dr.
J. Biyce on tlie, 88.

•Eastern picture-writing, J. Park Har-
rison on the, 165.

•Eclipse of the sun observed at Siam in

April 1875, 40.

Economy of penalties, Eev. J. S. Burt
on the, 195.

Education, compulsorj', Dr. W. Jack on
the results of five years of, 200.

*
,
physical, and hygiene in schools,

W. Jolly on, 207.

Elasmobranchs, F. M. Balfour on the
development of the proto-^ertebrae in,

U7.
Electric induction and conduction, O. J.

Lodge on a mechanical illustration of,

42.

•Electricity, contact, Sir W. Thomson
on, 45.

•Electrometer, Prof. J. Dewar on a new
form of, 42.

Engine for starting and reversing large

marine engines, A. B; Brown on an,

219.

Equatorial Africa, Commander Cameron
on his journey through, 181.

Evans (Captain F. J.), Address by, to

the Geographical Section, 169.
*

(M.J on the application of .spring

fenders to pierheads, 223 ; *on a safety-

lock for facing-points, 223.

Evai)orating-pau, a safe and rapid, F.
H. T. Allen on, 61.

Evolution of sex in the vegetable king-
dom, G. S. Boulger on the, 142.

•Expansion of solids by heat, two new
forms of apparatus for the experi-

mental illustration of the, by Prof.
Barrett, 48.

•Excretion, town, experimental re-

searches on the chemical treatment
of, by J. J. Coleman, 63.

•Facing-points, M. Evans on a safety-
lock jfor, 223.

Fell (J. B.) on the experiments made at
the camp at Aldershot with a new
form of military tield-railway, for

rapid construction in war-time, 223.
•Fergusson (A.) on white-lead, 03.

Filtering-s.ind, J. Lang on an apparatus
for cleaning, 232.

•Finland, Rev. J. Pattison on a jom-ney
across, from Ellenborg to Archangel,
via Kemi, 183.

•Fire-brick, J. Dunnachie on, 63.
First elliptic integral. Prof F. W. New-
man on the use of Lcgendre's scale
f"r calculating thp, 28.

*Flanging-iron and steel plates for boiler

purposes, A. B. Brown on a, 219.
•Fleming (S.) on the conventional

division of Time now in use, and
its disadvantages in connexion with
steam communications in different

parts of the world ; with remarks on
the desirability of adopting common
time over the globe for railways and
steam-ships, 182.

Flesh diet in tropical climates, C. O.
Groom Napier on the unwholesome-
ness of, 153.

Fluids, Prof. F. Guthrie and Dr. F.
Guthrie on the passage of, through
capillary and other tubes, 31.

Fly-trap {Dioncea nmscipula), new re-

searches on the electrical phenomena
consequenton irritationof the leaves of

the, by Prof. Burdon Sanderson, 136.

•Forbes (Prof) on the site of the grave
of Genghiz Khan, 182.

(Dr. L.j on the Samoan .Archipe-

lago, ,183.

Foula, G. A. Gibson on the physical geo-
log}' and geological structure ot\ 90.

*Fraction expansions for series, T. Muir
on the relation between two con-
tinued, 28.

Fritsch (Dr. A.) on Labyrinthodont re-

mains fi*om the Upper Carboniferous
(gas-coal) of Bohemia, 89.

*Froude (W. ), mechanical theory of the

soaring of birds, 31.

Gaelic and English, the relation of. Rev.
W. Cameron on, 164.

inhabitants of Scotland, Hector
MacLean on the, 166.

speaking popidation of Scotland,

Rev. W. Ross on the educational
value of their native language to the,

208.

Galton (Capt. D.) on railways on three-

foot gauge in the United States,

224.

•Gamgee (Prof.) on the physiological
action of pjTo-, meta-, and ortho-
phosphoric acids, 64.

and L. Larmuth on the action of
vanadium upon the intrinsic nervous
mechanism of the frog's heart, 151.

, J. Priestley, and L. Larmuth on
the difference in the poisonous
activity of phosphorus in ortho-,

meta-, and pyro-phosphoric acids,

151 ; on the action of pyrophos-
phoric acid on the circulation, 152.

Garner (R.) on the brain of the Canid<s,

152.
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Garnets, doubly-refracting, Dr. von La-
saulx on, 92.

Gas-condensing machine for the lique-

faction of gases by combined cold and
pressure, J. S. Coleman on a, 63,
'220.

•Gasholder, a form of, giving a uniform

flow of gas, Prof. Barrett on, 48.

*Genghiz Khan, the site of the grave of,

Prof. Forbes on, 182.

General theorems relating to closed

curves, by Prof P. G. Tait, 29.

Genesis, the possible, of the chemical

elements out of a homogeneous cosmic

gas or common vapour of matter. Dr.

Macvicar on, 05.

Geographical Section, Capt. F. J. Evan's

Address to the, 169.

Geological Section, Prof. J. Young's
Addi-ess to the, 72.

Geology, the physical and geological

structure ol' Foula, G. A. Gibson, on,

90.

*Germ theorj"-, spontaneous evolution

and the, by Dr. N. Carmichael, 146.

Gibson (G. A.) on the physical geology

and geological structure of Foula,

98.

•Gilchrist (Dr.) on the red soil of India,

90.

*Gimingham (C. H.) on a modification

of the Sprengel pump, and a new
form of vacuum-tap, 49.

•Gladstone (Prof) on the influence of

the condition and quantity of the

negative element on the action of the

copper-zinc couple, 64.

Glaisher (J. W. L.) on certain deter-

minants, 13 ; on a series summation
leading to an expression" for the theta

function as a dehuite integral, lo.

*Glen Roy, the parallel roads of, J.

Macfadzean on, 93.

,
, D. Milne Home on, 93.

•Glucinum, its atomic vsreight and spe-

cific heat, Dr. J. E. Reynolds on,

68.

Gold standard, the British, Dr. W. N.
Hancock on the importance of extend-
ing, to India, 198.

for India, the depreciation

of silver and a, S. Mason on, 207.

'Grain-sieve, J. H. Greenhill on an im-
proved, 225.

Granite and Old Red Sandstone, E. A.
Wiinsch on the junction of, at Glen
Sannox, Arrau, 98;

of Stralh-Errick, Lough Ness,

Dr. J. Bryce on the, 87 ; *on the
earthquake districts of Scotland, 88.

Graphical intei-polation and integration,

G. H. Darwin on, 13.

representation of tlie moments of
resistance of plane figures, riSsum^ of
researches upon the, by Prof. G. Jung,

•Gravity, J. Croll on the transformation
of, 30.

•Greenhill (J. H.) on an improved
grain-sieve, 225.

Grubb (H.) on the testings of large

objectives, 36; on recent improve-
ments in equatorial telescopes, 37

;

on a method of photographing the
defects in optical glass arising from
want of homogeneity, 37.

Gulf of Cutch, tidal operations in the,

Capt. A. W. Baird on, 52.

•Guthrie (Dr. F.) and Prof F. Guthrie
on the passage of fluids through capil-

lary and other tubes, 31.
* (Prof. F.) on solid water, 64.

Haeckel (E.) iiber die Pki/semarien
{Haliphysema und Gastrophysema),

Hancock (Dr. W. A.) on Savings' Banks
as a State function developed by
charity organization, 199 ; on the im-
portance of extending the British gold
standard, with subordinate silver

coins, to India as a remedy for the
inconvenience in India of a rapid de-
preciation of silver, 198.

•Harkness (Prof) and Prof. A. H.
Nicholson on the strata and fossils

between the Borrowdaile series of the
Coniston flags of the north of Eng-
land, 90.

•Harper (R. R.) on improvements in

railway appliances, 225.
* (W.) on the natives of British

Guiana, 165.

•Han-ison (J. Park) on the Eastern
picture-writing, 165

•Hartley (W. N.) on the critical point
of liquid carbonic acid in minerals,
64.

•Hartshorne (B. F.) on the Rodiyas of
Ceylon, 165.

•Hay (Capt. J. S.) and Commander
Cameron on horned men of Akkem,
in Africa, 165.

Ilayden (W.) on parallel motion, 16.

•Heart, Dr. Paton on the action and
sounds of the, 155.

Henderson (W.), the history of copper
extraction by the wet way, 64.

Hennessy (Prof) on the decrease of
temperature with height on the
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earth's surface, 39; on the distribu-

tion of temperature over the British

Islands, 39 ; *on new standards of

measure and weight, 49.

*Heywood (J.) on the memorial of

eminent scientific gentlemen in favour

of a permanent scientific museum,
199.

Highlands, the physical structure of

the, in connexion with their geologi-

cal history, the Duke of Argyll on,

81.

High-level terraces in CaiTon valley,

county of Linlithgow, D. Milne-

Home on, 94.

Hittite, Khita, Hamath, Canaanite, Ly-
dian, Etruscan, Peruvian, Mexican,
&c., Hj'de Clark on, 165.

Holmes (J. V.j and It. Russell on the

raised beach on the Cumberland
coast, between Whitehaven and Bow-
ness, 95.

*Hope (Col.) on the pui-ification of the

Clyde, 64.

Hopwood (E. O.) and II. G. Brooke on
the changes in the circulation which
are induced when the blood is ex-

pelled from the limbs by Esmarchs
method, 147.

*Horck (H. v. H. v. d.) on the Lap-
landers and people of the north of

Europe, 166.

*Horned men of Akkem in Africa,

Capt. J. S. Hay and Commander
Cameron on, 165.

Hull (Prof. E.) on the upper limit of

essentially marine beds of the car-

boniferous system of the British Isles,

and the necessity for the establish-

ment of a middle carboniferous group,

90; on a deep boring for coal at

Scarle, near Lincoln, 91.

Humerus, Prof. Cleland on the morpho-
logical relations of the lower end of

the, 148.

Hunter (T. S.) on dock- and quay-walls,

foundations, &c., 225.

*Hunterian Museum, Prof. J. Young on
the new cases in the, 147.

*Hydriodic acid, R. U. Silva on the

action of, on mixed ethers of the

general formula CnH^n+j-j-O.CHj, 68.

•Hydrocarbons from turpentine, two
new, A. C. Letts on, 65.

Hydro-geological surveys, B. Latham on
the importance of, from a sanitary

point of view, 22().

*PIygiene, physical education and, in

schools, W. Jolly on, 207.

*India, Dr. Gilchrist on the red soil of,

90.

Indian opium revenue, Rev. F. S. Turner
on the statistics of the, 210.

*Iustability of steady motion. Sir W.
Thomson on a new case of, 35.

*In8tinct, Rev. J. M'Cann on the origin

of, 166.

Inverse problems of moments of inertia

and of moments of resistance, r6sum6
of researches on the. by Prof. G. Jung,
21.

Iodine, E. C. C. Stanford on the manu-
facture of, (J8.

Ireland, H. Jephson on the valuation of

property in, 206.

*Iron ships, compass correction in. Sir

W. Thomson on, 45.

*Iso-purpuriue, Dr. W. A. Tilden on a

new, 70.

*Jack (R. L.) on Tertiary basalt-rock

dykes in Scotland, 92.

(Dr. W.) on the results of five years

of compulsory education, 200.

*Jansseu (Dr. .1.) sur les usages du re-

volver photographique en astronomie

et en biologie, 40 ; *photographies du
passage de Venus a Kobe, 40 ; *sur le

mirage enmer,40; *on solar photogra-
phy, with reference to the history of

the solar surface, 40 ; *on the eclipse

ofthe sun observed at Siam in April

1875, 40.

JefFery (H. M.) on plane cubics of the

third class with a double and a single

focus, 17 ; on spherical class-cubics

with double foci and double cylic arcs,

19.

Jefii-eys (J.Gwyn), the biological results

of a cruise in H.M.S. ' Valorous ' to

Davis Strait in 1875, 147.

Jephson (H.) on the valuation of pro-

perty in Ireland, 206.
*Johnston (Surgeon-Major) on the dy-
namics of the racial diet in India, 154.

•Jointed prismatic structure in basalts

and other igneous rocks, further illus-

trations of the, by Prof. J. Thomson,
96.

*Jolly (W. ) on physical education and
hygiene in schools, 207.

Jordan valley. Prof. Porter on the phy-
sical conformation and antiquities of

the, 184.

.Jung (Prof. G.), resume of researches on
the inverse problems of moments of

inertia and of moments of resistance,

21 ; resume of researches upon the

graphical representation of the mo-
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menta of resistance of plane figures,

23 ; on a new construction for the
central nucleus of a plane section, 25.

•Kennedy (Prof. A. B. W.) on cen-
troids, and their application to some
mechanical problems, 26 ; *on E,eu-
leux's treatment of mechanisms, 226.

Kerr (Dr. J.) on rotation of the plane of

polarization by reflection from a mag-
netic pole, 40.

Kingzett (C. T.) on the limited oxida-
tion of terpenes (Part IV.), 64; on
the action of alcohol on the brain,

154.

Knowles (W. J.), the classification of

arrow-heads, 166 ; additional remarks
on the find of prehistoric objects at

Portstewart, 166.

*Knox (Dr.) on Bosjes skulls, 166.

Labyriutliodont remains from the upper
Carboniferou.s (gas-coal) of Bohemia,
Dr. A. Fritsch on, 80.

*Ladd (W.), a description of Spottis-

woode's pocket polarizing apparatus,

41.

*Lamina inimersed obliquely in a fluid

stream, Lord Rayleigh on the forces

experienced by a, 31.

Lamp, R. Lavender on a new form of,

229.

•Laplanders and people of the north of

Europe, H. v. H. v. d. Horck on the,

166.

Larmuth (L.) on the poisonous activity

ofvanadium in ortho-, meta-, and pyro-
vanadic acids, 155.

and Prof. Gamgee on the action

of vanadium upon the intrinsic ner-

vous mechanism of the frog's heart,

151.

-, and J. Priestley on the
action of pyrophosphoric acid on the
circulatiou, 152.

Lasaulx (Dr. von) on some new minerals,

and on doubly-refracting garnets, 92.

Latham (B.) on theimportanceof hj'dro-

geological surveys from a sanitary
point of view, 226.

Laticiferous canals in fruit of Linino-
chnris Plumieri, Prof A. Dickson on,

144.

Lavender (R.) on a new form of lamp,
229.

Lead, the action of dilute saline solu-

tions upon, M. M. P. Muir on, tiG.
* desilverizing by the zinc process,

J. E. Stoddart on, 69.

Lebour (CI. A.) on the changes afiecting

the southern extension of the lowest
Carboniferous rocks, 93.

*Lecture-table, the new, for physical
demonstration in the Royal College
of Science for Ireland, diagi-ams and
description of, by Prof. Barrett, 48.

Legendre's scale for calculating the first

elliptic integral. Prof. F. W. New-
man on the use of, 28.

•Lesmahagow, Dr. R. Slimon on the
Upper Silurian rocks of, 96.

•Letts (A. C.) on two new hydrocar-
bons from turpentine, 65.

Lightning, the protection of buildings
from. Prof. J. C. Maxwell on, 4:3.

Limnocharis Plumieri, Prof. A. Dickson
on laticiferous canals in, 145.

*Liverpool, overcrowding in, R. W.
Pitcher on, 208.

Lodge (O. J.) on a mechanical illustra-

tion of electric induction and conduc-
tion, 42 ; on a mechanical illustration
of thermoelectric phenomena, 43.

Long (J.) on an apparatus for cleaning
filtering-sand, 232.

•Lungs, Dr. W. Stirling on the nervous
apparatus of the, 163.

•M'Cann (Rev. J.) on the origin of in-
stinct, 166 ; *on the organization of
original research, 207.

Macfadzean (J.) on the parallel roads of
Glen Roy, 93.

M'Kendrick (Dr. J. G.), Address by, to
the Department ofAnatomy and Phy-
siology, 126.

•Mackerel sky, physical explanation of
the, by Sir W. Thomson, 54.

MacLean (H.) on the Gaelic inhabitants
of Scotland, 166; on the Anglicizing
and Gaelicizing of surnames, 167.

•M'Nab (Prof.) on Chureocholax polysi-
plionia, Reiusch, 144 ; *on the struc-
ture of the leaf in ditt'erent species of
Abies, 144.

•Mactear (J.) on soda manufacture, 65.
•Macvicar (Dr.) on the possible genesis

of the chemical elements out of a
homogeneous cosmic gas or common
vapour of matter, G5.

•Magnetization of iron, the eflects of
stress on the, Sir W. Thomson on, 45.

•Magneto-electric light, photometric
measurements of the, by Capt. Abney,
o6.

Major third, a practical method of
tuning a, Sir W. Thomson on, 48.

Mansel (R.) on the direct motion of
steam-vessels, 227.

Mansion (Prof P.), elementary demon-
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stration of a fuudamental principle of

tlie theory i if functions, 20.

*jMauy-valiied functions, M. M. W.
Wilkinson on, 30.

"Marcoartu (Don A. de) on Spanisli

mining, 207.

Mason (S.) on the depreciation of silver

and a gold standard for India, 207.

Mathematical and Physical Sectiou,rrof.

Sir W. Thomson's Address to the, 1

.

Matheson (J., jim.) on the silver di-

lemma, 207.

Matricaria iiiodora, Prof. A. Dickson on
two monstrosities uf, 143.

Maxwell (Prof. J. C. ) on the protection

of buildings from lightning, 43.

Mechanical Section, C. W. Merrilield's

Address to the, 211.
* theory of the soaring of birds, by
W. Froude, 31.

Medusoe, physiology of the nervous

system of, G. J. Romanes on, 1-58.

•Mensuration of certain solids, Prof. J.

Thomson on a theorem in the, 30.

*Mental progress of animals during the

human period, J. Shaw on, 169.

Merrifield (C. W.), Address by, to the

Mechanical Section, 211.

*Metal surfaces, J. B. Beynon on a hand
machine for shaping and finishing

metal surfaces, 211).

Metallic reflection. Prof. G. G. Stokes

on a phenomenon of, 41.

Metric units of force, energy, and power,

larger than those on the ceutimetre-

gram-second system. Prof. J. Thom-
son on, 32.

•Microscope adapted for showing the

circulation in the human subject. Dr.

U. Pritchard on a, 158.

Mildew in grey cloth, W. Thomson on

the growth of, 70.

Military field-railway, J. B. Fell on ex-

periments mr^de with a new form of,

223.

Millar (W. J.) on the strength and frac-

ture of cast iron, 227.

Milne-Home (D.) on the parallel roads

of Glen Roy, 93 ; on high-level ter-

races in Carron vaUey, county of Lin-

lithgow, 94.

*Mind, Prof. BaiTett on some phenomena
associated with abnormal conditions

of, 1G4.

Minerals, some new, Dr. von Lasaulx on,

92.

•Mirage en nier. Dr. J. Janssen sur le,

40.

•Mitchell (W. S.) on the Bagshot peat-

beds, 94.

More (A. G.) on the occurrence in Ire-

land of Nztphar intermedium, Ledeb.,

144; * on Zostera nana fi'om Carnar-

vonshire, 144.

•Morris (Rev. F. 0.), a double dilemma
in Darwinism, 147.

Muir (M. M. P.) on essential oil of sage,

Go ; on the action of dilute saline so-

lutions upon lead, CG; on certain com-
pounds of bismuth, 66.

(T.) on convergents, 27 ; *on the

relation between two continued frac-

tion expansions for series, 28.

•Murray (J.), notes on oceanic deposits

and their origin, based on observa-

tions made on board H.M.S. ' Chal-

lenger,' 147; on the geological dis-

tribution of oceanic deposits, 183.

Names, the prehistoric, for man, mon-
key, lizard, &c., Hyde Clarke on, 165.

Napier (C. 0. Groom) on the unwhole-
someness of flesh diet in tropical cli-

mates, 153 ; on the Phrenicians, IGo.

•Nasmyth (J.) on a spherical pendulous
safety-A-alve, 229.

•Naval signalling. Sir W. Thomson on,

233.

Nerves, the termination of, in the vesti-

bide and semicircular canals of Mam-
mals, Dr. U. Pritchard on, 156.

New Guinea, Octa^•ius Stone on his

recent journeys in, 184.

, N.\\^., G. E. Cerruti on his recent
explorations in, 182.

•Newlands (J. A. R.) on relations

among the atomic weights of the ele-

ments, 66 ; *on the alum process in

sugar-refining, 66.

Newman (Prof. F. W.) on the use of

Legendre's scale for calcidating the

first elliptic integral, 28.

Newton (JProf. A..), Address by, to the
Department of Botany and Zoology,

Nichols (Kerry), explorations in the
islands of the Coral Sea, 167, 183.

•Nicholson (Prof. A.H.)and Prof. Hark-
ness on the strata and fossils between
the Borrowdaile series of the Conis-
ton flags of the north of England, 00.

•Niger, A. Bowden on a new route to

the sources of the, 181.

•Nitroso derivatives of the terpenes,

Dr. W. A. TUden on the, 70.

Nitphar intermedium, Ledeb., A. G.
More on the occurrence in Ireland of,

144.

•Nutation of a solid shell containing

liquid. Sir W. Thomson on the, 35.
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Objectives, large, H. Grubb on the ter^t-

iiigs of, 30.

Oceanic deposits, J. Murray on the geo-

logical distribution of, 183.
• and their origin, notes on,

based on obser\ations made on board
H.M.S.'Challenger,' by J. Murray, 1 47.

Old Red Sandstone, E. A. Wunschonthe
jimction of gianite and, at Corrie and
Glen Sanno.x, Arran, 98.

Optical glass, the defects in, arising from
a want of homogeneity, II. Grubb on

a method of photographing, 37.

•Original research, Dr. M'Gaun on the

organization of, 207.

•Overcrowding in Liverpool, R. W.
Pitcher on, 208.

Oxidation of terpenes, the limited, C.

T. Iluigzett on, 64.

•Oxygen, G. J. Stoney on the atomicity

of, 69.

Pandaneae of the Mascarene and Sey-
chelles Islands, I. B. Balfour on the,

142.

Parallel motion, W. Hayden on, 16.

•Parallel roads of Glen Roy, J. Macfad-
zean on the, 93.

, D. MUne-Home on the, 93.

•Passage of fluids through capillary and
other tubes. Prof. F. Guthrie and Dr.

F. Guthrie on the, 31.

Patent legislation, St. J. V. Day on
recent attempts at, 198.

•Paterson (Rev. J.) on a journey across

Finland, from ELlenborg to Arch-
angel via Kemi, 183.

•Paton (Dr.) on the action and sounds

of the heart, 155.

•Patterson (T. L. ) on sugar, 67.

Peach (C. W.) on circinnate vernation

of Sphenopteris affinis from the earliest

stage to completion, and on the dis-

covery of Staphylopteris, a genus new
to British rocks, 94, 144.

Pendidum-vibrations, the conditions of

the transformation of, R. H. M. Bo-
sanquet on, 45.

Pengelly (W.) on an urn from Chud-
leigh, Devon, 169.

•Pentachloride of phosphorus, the action

of, on tiu'pentine, Prof. Crum Brown
on, 62.

•Perak and Salangore, W. D'Almeida

on, 182.

Perkin (\V. H.), Address by, to the

Chemical Section, 55 ; on some new
anthracene compounds, ()7.

•Perry (Prof.) and Prof. .Vyrton on the

contact theory of voltaic action, 42.

•Phen6 (J. S.) on relics of Totemism in

Scotland in historic times, KiO; *on
the Arthurian apple and the serpent

of the ancients, l(i9.

•Phcenicians, C. 0. Groom Napier on

the, 165.

'Phosphorite deposits of the south of

France, J. E. Taylor on the age,

fauna, and mode of occurrence of the,

96.

Phosphorus, the difference in the

poisonous activity of, in ortho-, nieta-,

and pyro-phosphovic acids, Prof. Gam-
gee, John Priestley, and Leopold
Larmuth on, 151.

*Photogi-aphy, solar, with reference to

the history of the solar surface. Dr.

J. .Tanssen on, 40.

*Photonietric measiu'ements of the mag-
neto-electric light, by Capt. Abuev,
36.

Phijsernarien {HaUphysema uud Gastro-

phtiaema), E. Haeckel iiber die, 153.

Physical structure of tlie Highlands,
the Duke of Argyll on the, in con-
ue.\ion with th^ir geologicalhistory, 81.

'Physiological action of pyro-, meta-,
and ortho-phosphoric acids, Prof. Gam-
gee on the, 64.

* of sight, recent additional

observations on the, by Prof. Dewar,
151.

Physiology, Dr. J. G. M'Kendrick"s
Address to the Department of ..Ina-

tomy and, 1 26.

Picoline and its derivatives. Dr. W.
Ramsay on, 67.

*Pitcher (R. W.) on overcrowding in

Liverpool, 208.

*Placenta, Prof. W. Turner on the
structure of the, in relation to the
theory of Evolution, 163.

Plane cubics of the third class with a
double and a single focus, H. M. Jef-

fery on, 17.

Plants of the Coal-measures, Prof. W.
C. ^^^illiamson on some of the physi-

ological and moi-phological features

seen in the, 145.

Playfair (Col. R. L.) on travels in

Tunis in the footsteps of Bruce, 183.

•Pneumatic tramw.ij'-car, W. D. Scott-

MoncreifTon a, 23.3.

Polarization, rotation of the plane of,

by reflection from a magnetic pole,

Dr. J. Kerr on, 40.

Pollution of rivers. Rev. R. Thomson
on the prevention of, 70.

Poor law, the Scottish, A. M'N. Caird
on some special evils of, 197.
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Porter (Prof.) on some points of interest

in the physical conformation and an-

tiquities of the Jordan valley, 184.

Portstewart, additional remarks on the

finding of prehistoric objects at, by
W. J. linowles, 166.

Pre-carboniferous and metamorphosed
trap-dykes, and the associated rocks

of North Mayo, Ireland, W. Traill on

certain, 97.

Precessional motion of a liquid. Sir W.
Thomson on the, 33.

Priestley (.1.) on the physiological action

of vanadium, 155 ; on the physiolo-

gical action of chromium, 156.

, Prof. Gamgee, and L. Larmuth
on the difference in the poisonous ac-

tivity of phosphorus in ortho-, meta-,

and pyrophosphoric acids, 151 ; on the

action of pjTophosphoric acid on the

circulation, 152.

Primitive agriculture, A. W. Buckland
on, 164.

Pritchard (Dr. U.) on the termination

of the nerves in the vestibide and
semicircular canals ofMammals, 156

;

*on a microscope adapted for showing
the circidation in the human subject,

158.

•Purser (Prof. J.) on the modification

of the motion of waves produced by
fluid friction, 31.

*Putumayo or I^a, the river. South

America, A. Simson on, 184,

Pyrophosphoric acid, the action of, on

the circulation, Prof. Gamgee, J.

Priestley, and 1j. Larmuth on, 152.

•Pyrotartaric acid, remarks, by W.
Dittmar, on Reboul's paper on, 63.

Radiometer, W. Crookes on the in-

fluence of the residual gas on the

movement of the, 30.

•Hallway appliances, R. R. Hai-per on

improvements in, 225.
* trains, W. Stroudley on com-
munications between passengers and

guards in, 233.

Railways on three-foot gauge in the

United States, Capt. D. Galton on,

224.

Raised beach on the Cumberland coast,

between Whitehaven and Bowness,

R. Russell and J. V. Holmes on the,

95.

Ramsay (Dr. W.) on picoline and its

derivatives, 67.

*Rayleigh (Lord) on the forces ex-

perienced by a lamina immersed ob-

liquely in a fluid stream, 31.

•Reboul's paper on pyro-tartaric acid,W.
Dittmar on, 63.

•Red soil of India, Dr. Gilchrist on the,

90.

Residual gas, the influence of the, on the

movement of the radiometer, W.
Crookes on, 30.

•Reuleaux's treatment of mechanisms.
Prof. A. B. W. Kennedy on, 226.

•Revolver photographique en astronomie

et en biologie. Dr. J. Janssen sur les

usages du, 40.

•Reynolds (Dr. J. E.) on glucinum, its

atomic weight and specific heat, 68.
* (Prof. 0.) on the resistance en-

countered by vortex rings, and the

relation between the vortex ring and
stream-lines of a disk, 31 ; on the in-

vestigation of the steering qualities of

ships, 229.

•Right-handedness, J. Shaw on, 169.

•Rivers, Rev. R. Thomson on the pre-

vention of the pollution of, 210.

Romanes (G. J.), phj'siology of the

nervous sj'stem of Medusre, 158.

•Romer (Dr. F.) on the mountain lime-

stone of the west coast of Sumatra,
95.

Ross (Rev. W.) on the educational value

of their native language to the Gaelic-

speaking population of Scotland, 208.

Rowan (F. J.) on boiler incrustation

and corrosion, 229.

Russell (F.) on Sheriff courts and rela-

tive judicial statistics, 208.

(R.) and J. V. Holmes on the

I'aised beach on the Cumberland coast,

between Whitehaven and Bowness,
95.

•Sabine's, Mr., method of measuring
small intervals oftime, W. H. Walenn
on, 52.

Safety-apparatus, improved, for mine-
hoists and warehouse-lifts, T. Dobson
on, 222.

* lock for facing-points, M. Evans
on, 223.

* valve, a spherical pendulous, J.

Nasniyth on, 229.

Sage, essential oil of, M. M. P. Muir on,

65.

•Salangore, Perak and, W. B. D'Almeida
on, 182.

Saline solutions, dilute, the action of,

upon lead, M. M. P. Muir on, 60.

•Samoan Archipelago, Dr. L. Forbes on
the, 183.

•Sand-bars, M. Bergeron on the removal
of, from harbour-mouths, 219.
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•Sanderson (Prof. Burdou), new re-

searches on the electrical phenomena
consequent on irritation of the leaves

of the fly-trap {Dioncca muscipula),

163.

Savings' Banks as a State function deve-

loped by charitj' organization, Dr. W.
N. Plancock on, 19'J.

'Scientific Museum, a permanent, J.

Heywood on the memorial of eminent
scientific gentlemen in favour of, 199.

'Scotland, Dr. J. Bryce on the earth-

quake districts of, 88.

Scottish poor law, A. M'N. Caird on
some special evils of the, 197.

'Scott-Moncreiff (W. D.) on a pneu-
matic tramway-car, 233.

"Serpent of the ancients and the Arthu-
rian apple, J. S. Phene on, lt)9.

'Sewage, W. 0. SUlar on the utilization

of, 68.
* purification and utilization, J.

Banks on, <d'2.

Sewell (Rev. E.) on the drifts and
boulders of the upper part of the

valley of .the Wharfe, Yorkshire, 95.

*Shaw (J.) on right-handedness, 169;
on the mental progress of animals
during the human period, 169.

Sheriff courts and relative judicial sta-

tistics, F. Russell on, 208.

'Siemens (Dr. C. W.), description of

the bathometer, 31.

•SiUca cells, artificial, experiments on
the formation and growth of, by Prof.

Cohn, 146.

Siliceous sponges from the Carboniferous

limestone near Glasgow, J. Young on,

99.

•Sillar (W. C.) on the utilization of

sewage, 68.

'Silva (R. D.) on the action of hydriodic

acid on mixed ethers of the general

formula CJlsn+i-f . CH,, 68.

Silver, the inconvenience of a rapid de-
preciation of, in India, Dr. W. N.
Hancock on the importance of extend-

ing the British gold standard to India,

as a remedy for, 198.

, the depreciation of, and a gold
standard for India, S. Mason on, 207.

dilemma, J. Matheson, jun., on
the, 207.

Simons (W.) on an elevating steam ferry,

233.

'Simson (A.) notes on the River Putu-
mayo or I^a, South America, 184.

'Skull, a hydrocephalic, Prof. Cleland
on, and on the duplicity of the tem-
poral ridge, 149.

•Skull, Sooloo, Prof Cleland on a, 165.

'Skulls, Bosjes, Dr. Knox on, 166.
'

, two, from the Andaman Islands,

Dr. Allen Thomson on, 169.

Slavery and the slave trade. Rev. A.
Busacott on the present extent of,

196.

*Slimon (Dr. R.) on the upper Silurian

rocks of Lesmahagow, 96.

'Smith (A.) on sodium, 68.

'Soaring of birds, mechanical theory of

the, by W. Froude, 31.

'Soda manufacture, J. Mactear on, 05.

'Sodium, A. Smith on, 68.

'Solid water, Prof. Guthrie on, 64.

'Spanish mining, Don A. de Marcoartu
on, 207.

Sphenopteris affinis, C. W. Peach on cir-

cinnate vernation of, from the earliest

stage to completion, 94, 144.

Spherical class-cubics with double foci

and double cyclic arcs, H. M. Jeffery

on, 19.

'Spottiswoode's pocket polarizing appa-
ratus, a description of, by W. Ladd,41.

'Sprengel pump, C. II. Gimingham on
a modification of the, 49.

'Spring fenders, M. Evans on the appli-

cation of, to pier-heads, 223.

'Standards of measure and weight, new.
Prof. Ilennessy on, 49.

Stanford (E. C. C.) on the manufacture
of iodine, 68.

Staphylopteris, a genus new to British

rocks, C. \V. Peach on the discovery

of, 94, 144.

Steam ferry, an elevating, W. Simons
on, 233.

* ship resistance, J. E. Williams
on, 233.

* vessels, R. Mansel on the direct

motion of, 227.

'Steel (J.) on the hrake problem, 233.

'Steel plates for boiler purposes, A. B.
Brown on a flanging-irou and, 219.

Steering qualities of ships. Prof 0.

Reynolds on the investigation of the,

229.

'Stephenson (Mr.) on the civilization of

South-eastern Africa, 208.

'Stirling (Dr. N.) on the nervous ap-
paratus of the lungs, 163.

Stobcross Docks, description of, by J.

Deas, 220.

'Stoddart (J. E.) on lead desilverizing

by the zinc process, 69.

Stokes (Prof. G. (i.) on a phenomenon
of metallic reflection, 41.

Stone (Octavius) on his recent journeys
in New Guinea, 184.
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*Stoney (CI. J.) on tlie amplitude of

waves of light and heat, 31 ; *on

acoustic analogues to motions in the

molecules of gases, .31
; *on the

atomicity of oxygen and on the con-

stitution of basic salts, U9.

Strath-Ei-rick, Lough Ness, Dr. J. Bryce
on the granite of, 87,

*Stroudley (W.) on communications
between passengers and guards in

railway trains, 2-33.

*Struthers (Prof.), an account of finger-

muscles found in the Greenland right

whale, 163 ; *an account of dissec-

tions of the supposed rudimentary

hind limb of the Greenland right

whale, 163.

"Subaqueous rocks, Major Beaumont
on the removal of, by the diamond
rock-borer, 219.

*Sub-Wealden exploration, Major Beau-
mont on the, 87.

•
, H. Willett on the, 97.

*Sugar, T. L. Patterson on, 67.

refining, J. A. R. Newlands on

the alum process in, 66.

*Sun, the eclipse of the, observed at

Siam in April 1875, Dr. J. Janssen

on, 40.

*Surface-water of the ocean, on the

specific gravity of the, as observed

during the cruise of II.M.S. 'Challen-

ger,' by J. Y. Buchanan, 181.

Surnames, the Anglicizing and Gaelici-

zing of, H. Mactean on, 167.

*Swan (D.) on zinc, 69.

•Symons (G. J.) on a new form of

thermometer for observing earth tem-

perature, 49 ; on an unmistakable

true north compass, 49.

Systemes de points materiels, V. Cerruti

sur les mouvements ap^riodiques des,

12.

de spheres et les systemes de

droites. Prof. L. Cremona sur les, 12.

Tait (Prof. P. G.), general theorems

relating to closed curves, 29.

(P. M.) on the theory and practice

of accident insurance by sea and land,

208.

*Taylor (J. E.) on the age, fauna, and

mode of occurrence of the phosphorite

deposits of the South of France, 96.

Telescopes, equatorial, H. Grubb on

recent improvements in, 37.

Temperature, the decrease of, with

height on the earth's siu'face. Prof.

Hennessy on, .39.

the" distribution of, over the

British Islands, Prof. Hennessy on,

39.

Terpenes, C. T. Kingzett on the limited

oxidation of, 64.
*

, Dr. W. A. Tilden on the nitroso

derivatives of the, 70.

*Tertiary basalt-rock dykes in Scotland,

R. L. Jack on, 92.

Testings of large objectives, H. Grubb,
on the, 36.

Theory of functions, elementary demon-
stration of a fundamental principle of

the, by Prof. P. Mansion, 26.

Thermoelectric phenomena, 0. J. Lodge
on a mechanical illustration of, 43.

*Thermometer, a new deep-sea, J. Y.
Buchanan on, 81.

* for observing earth temperature,

a new form of, G. J. Symons on,

49.

Theta function as a definite integral, J.

W. L. Glaisher on a series summa-
tion leading to an expression for the,

15.

•Thomson (Dr. AUen) on two skulls

from the Andaman Islands, 169.
* (Prof. J.) on a theorem in the

mensuration of certain soHds, 30 ; ex-

perimental illustration of the origin of

windings of rivei's in allu'\ial plains,

31 ; on metric units of force, energy,

and power, larger than those on the

centimetre-gram-second system, 32

;

*on ridgy structure in coal, with sug-

gestiiins for accounting for its origin,

96 ; *rurther illustrations of the jointed

prismatic structure in basalts and other

igneous rocks, 96.
* (Rev. R.) on the prevention of

the pollution of rivers, 70, 210.

(Prof. Sii- W.), Address by, to the

Mathematical and Physical Section, 1

;

on tlie precessional motion of a liquid,

33 ; *secular illustration of the laws

of the diftusion of liquids, 35 ; *on a

new case of instability of steady

motion, 35 ; *on the nutation of a

solid sheU containing liquid, 35 ; *on

compass correction in iron ships, 45
;

'effects of stress on the magnetization

of iron, 45 ; *on contact electricity,

45 ; *on a practical method of tmiing

a major third, 48 ; on a new form of

astronomical clock with free pendulum
and independently governed uniform

motion for escapement-wheel, 49

;

•physical explanation of the mackerel

sky, 54 ; *on navigational deep-sea

soundings in a ship moving at high

speed, 54 : *on naval signalling, 233.
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W. B. Carpenter on, 146.
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on the contact theory of, 42.
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Wallace (A. R.), Address by, to the
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Purser on, 31.
* of light and heat, G. J. Stouey

on the amplitude of, 31.
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*
, , an .account of finger-

muscles found in, bv Prof. Struthers,
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Rev. E. Sewell on the drifts and
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Appuddo, observations on the, bv
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Wigan coal-field, C. E. De Ranee on
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the variation in thickness of the mid-
dle Coal-measures of the, 89.

'Wilkinson (M. M. U.) on many-valued
functions, 30.

*Willett (W. H.) on the Suh-M^ealden
exploration, 97.

*Williams (J. E.) on steam-ship resist-

ance, 233.

Williamson (Prof. W. C), recent re-

searches into the organization of some
of the plants of the Coal-measures, 98;

on some of the physiological and mor-
phological featiu'es seen in the plants

of the Coal-measures, 145.

W'indiugs of rivers in alluvial plains,

experimental illustration of the origin

of, by Prof J. Thomson, 31.

*Woman, the oldest in Scotland, Gene-
ral Sir J. Alexander on, 164.

*Wright (Dr. C. R. A.) on new cotar-

nine derivatives, 70 : on the alkaloids

of the aconites, 71.

Wiinsch (E. A.) on the junction of

gTanite and old red sandstone at Come
and Glen Sannox, Arran, 98.

Young (Prof. J.), Address by, to the

Geological Section, 72; on the new
cases in the Hunterian Museum, 147.

(J.) on siliceous sponges from the

Carboniferous limestone near Glasgow,
99.

*Zinc, D. Swan on, 69.

Zoology, Prof A. Newton's Address to

the -Department of Botany and, 119.

*Zostera nana from Carnarvonshire, A.

G. More on, 144.
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logical Observations;—Report of the Committee appointed for Experiments on Steam-
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appointed to conduct the Cooperation of the British Association in the System of Simulta-
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ticularly the Metamorphosis of the Scandinavian Alum Slate;— 11. E. Strickland, Report on

the recent Progress and Present State of Ornithology;—T. Oldham, Report of Committee

appointed to conduct Observations on Subterranean Temperature in Ireland ;—Prof. Owen,

Report on the Extinct Mammals of Australia, with descriptions of certain Fossils indicative

of the former existence in that continent of large Marsupial Representatives of the Order

Pachydermata ;—W. S. Harris, Report en the working of Whewcll and Osier's Anemometers

at Plymouth, for the years 1841, 1842, 1843 ;—W. R. Rirt, Report on Atmospheric Waves;
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W. R. Birt, Second Report on Atmospheric Waves;—G. R. Porter, on the Progress and Pre-

sent Extent of Savings' Banks in the United Kingdom ;— Prof. Bunsen and Dr. Playfair,
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of Iron ;— Dr. Richardson, Report on the Ichthyology of the Seas of China and Japan ;
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Report of the Committee on the Registration of Periodical Phenomena of Animals and Vege-
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Together with the Transactions of the Sections, Sir J. F. W. Herschel's Address, and Re-
commendations of the Association and its Committees.

PROCEEDINGS of the SIXTEENTH MEETING, at Southamptcn,

1846, Published at \5s.

Contents:—G. G. Stokes, Report on Recent Researches in Hydrodynamics;— Sixlh

Report of the Committee on the Vitality of Seeds ;— Dr. Schunck, on the Colouring Matters of

Madder;—J. Blake, on the Physiological Action of Medicines;— R. Hunt, Report on the Ac-

tinograph ;—R. Hunt, Notices on the Influence of Light on the Growth of Plants;— R. I,.

Ellis, on the Recent Progress of Analysis;— Prof. Forchhammer, on Comparative Analytical
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Researclies on Sea Water;—A. Erman, on tlie Calculation of tlie Gaussian Constants for

1829;—G. 11. Porter, on the Progress, present Amount, and probable future Condition of the

Iron Manufacture in Great Britain ;—W. R. Birt, Third Report on Atmospheric Waves;

—

Prof. Owen, Report on the Archetype and Homologies of the Vertebrate Slcelelon ;

—

J. Phillips, on Aneuiometry;—J. Percy, M.D,, Report on the Crystalline Flags;—Addenda
to Mr. Bin's Report on Atmospheric Waves.

Together with the Transactions of the Sections, Sir R. I. Murchison's Address, and Re-
commendations of the Association ami its Committees.

PROCEEDINGS of the SEVENTEENTH MEETING, at Oxford,

1847, Puhlished at 18s.

Contents:—Prof. Langberg, on the Specific Gravity of Sulphuric Acid at different de-

grees of dilution, and on the relation which exists between the Development of Heat and the

coincident contraction of Volume in Sulphuric Acid when mixed with Water;— Iv. Hunt,
Researclies on the Inflnence of the Solar Rays on the Growth of Plants;—R. Mallet, on
the Facts of Earthquake Phenomena;—Prof. Nilsson, on the Primitive Inhabitants of .Scan-

dinavia;—W. Hopkins, Report on the Geological Theories of Elevation and Eartlupiakes
;

—Dr. W. B. Carpenter, Report on the Microscopic Structure of Shells ;—Rev. W.Whewell and
Sir James C. Ross, Report upon the Recommendation of an Expedition for the purpose of

completing our knowledge of the Tides;—Dr. Schunck, on Colouring Matters;—Seventh Re-
port of the Committee on the Vitality of Seeds;—J. Glynn, on the Turbine or Horizontal

Water-Wheel of France and Germany;—Dr. R. G. Latham, on the present state and recent

progress of Ethnograpliical Pliilology ;—Dr. J. C. Prichard, on the various methods of Research

which contribute to the Advancement o'' Ethnology, and of the relations of that Science to

other branches of Knowledge ;—Dr. C. C. J. Bunscn, on the results of the recent Egyptian

researclies in reference to Asiatic and African Ethnology, and the Classification of Languages ;

—Dr. C. Meyer, on the Importance of the Study of the Celtic Language as exhibited by the

Modern Celtic Dialecis still extant;—Dr. Max Miiller, on the Relation of the Bengali to the

Arian and Aboriginal Languages of India;—W. R. Birt, Fourth Report on Atnios|)heric

Waves;—Prof W. H. Dove, Temperature Tables, with Introductory Remarks by Lieut. -Col.

-E. Sabine ;

—

k. Erman and H. Petersen, Third Report on the Calculation of the Gaussian Con-
stants for 1S29.

Together with the Transactions of the Sections, Sir Robert Harry Inglis's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the EIGHTEENTH MEETING, at Swansea,
1 S^S, Published at 9s.

Contents:—Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors;

—

J. Glynn on Water-pressure Engines ;—R. A. Smith, on the Air and Water of Towns ;—Eighth
Report of Committee on the Growth and Vitality of Seeds;—W. R. Birt, Fifth Report on At-
mospheric Waves ;— E. Schunck, on Colouring Matters;—J. P. Budd, on the advantageous use

made of the gaseous escape from the Blast Furnaces at the Ystalyfcra Iron Works;—R. Hunt,
P»epoit of progress in the investigation of the Action of Carbonic Acid on the Growth of

Plants allied to those of the Coal Formations;.—Prof H. W. Dove, Supplement to the Te-n-
perature Tables printed in the Report of the British Association for 1847 ;—Remarks by Proi'.

Dove on his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on
some of the principal Conclusions in regard to Climatology deduclble from them; with an in-

troductory Notice by Lt.-Col. E. Sabine;— Dr. Daubeny, on the progress of tlie investigation

on the Influence of Carbonic Acid on the Growtli of Ferns;— J. Phillips, Notice of further

progress in Anemometrical Researches;—Mr. Mallet's Letter to the Assistant-General Secre-

tary ;—A. Erman, Second Report on the Gaussian Constants ;—Report of a Committee
relativo to the expediency of recommending the continuance of the Toronto Magnetical and
Meteorological Observatory until December 1850.

Together with the Transactions of the Sections, the Marquis of Northampton's Address,
and Recvmniendations of the Association and its Committees.

PROCEEDINGS of the NINETEENTH MEETING, at Birmingliatrr,

1849, Publishtdat 10s.

Contents :—Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors ;—Earl
of Rosse, Notice of Nebulce lately observed in the Six-feet Reflector;—Prof. Daubeny, on tlie

Influence of Carbonic Acid Gas on the health of Plants, especially of those allied to the I'o-sil

Remains found in the Coal Formation ;— Dr. Andrews, Report on the Heat of Combination
;—Report of tiie Committee on the Registration of the Periodic Phenomena of Plants and
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Animals;—Ninth Report of Committee on Experiments on the Growth and Vitality of Seeds ;— V. Ronalds, Report concerning the Observatory of the British Association at Kew, from

Aug. 9, 1S4S to Sept. 12, 1849 ;— K. Mallet, Report on the Experimental Inquiry on Railway
Bar Corrosion;— \V. R. Birt, Report on the Discussion of the Electrical Observations at Kew.

Together with the Transactions of the Sections, the Rev. T. R. Robinson's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the TWENTIETH MEETING, at Edinburgh,

1850, Published at I5s.
' (Out of Print.)

Contents:—R. Mallet, First Report on the Facts of Earthquake Phenomena;—Rev. Prof.

Powell, on Observations of Luminous Meteors;—Dr. T. Williams, on the Structure and
History of the British Annelida;—T. C. Hunt, Results of Meteorological Observations taken

at St. Michael's from the 1st of January, 1840 to the 31st of December, 1849;—R. Hunt, on
tlie present State of our Knowledge oftlie Chemical Action of the Solar Radiations;—Tenth
Report of Committee on Experiments on the Growth and Vitality of Seeds;—Major-Gen.
briggs, Report on the Aboriginal Tribes of India;—F. Ronalds, Report concerning the Ob-
servatory oftlie British Association at Kew ;— E. Forbes, Report on the Investigation of British

Marine Zoology by means of the Dredge ;—R. MacAndrew, Notes on the Distribution and
Range in depth of Mollusca and other Marine Animals, observed on the coasts of Spain, Por-

tugal, Barbary, Malta, and Southern Italy in 1849;—Prof. Allman, on the Present State of

our Knowledge ot the Freshwater Polyzoa ;—Registration of the Periodical Phenomena of

Plants and Animals ;—Suggestions to Astronomers for the Observation of the Total Eclipse

of the Sun on July 28, 1851.

Together with the Transactions of the Sections, Sir David Brewster's Address, and Recom-
niendatioMS of the Association and its Committees.

PROCEEDINGS of the TWENTY-FIRST MEETING, at Ipswich,

1851, Published at 16s. (id.

Contents:—Rev. Prof. Powell, on Observations of Luminous Meteors;—Eleventh Re-
port of Committee on Experiments on the Growth and Vitality of Seeds ;— Dr. J. Drew, on

the Climate of Southampton ;— Dr. R. A. Smith, on the .Air and Water of Towns : Action of

Porous Strata, Water and Organic Matter;— Report of the Committee appointed to consider

the probable Effects in an Economical and Physical Point of View of the Destruction of Tro-

pical Forests ;—A. Henfrey, on the Reproduction and supposed Existence of Sexual Organs

in the Higher Cryptogamous Plants;—Dr. Daubeny, on the Nomenclature of Organic Com-
pounds ;—Rev. Dr. Donaldson, on two unsolved Problems in Indo-German Philology;

—

Dr. T. Williams, Report on the British Annelida;—R. Mallet, Second Report on the Facts of

Earthquake Phenomena ;—Letter from Prof Henry to Col. Sabine, on the System of Meteoro-

logical Observations proposed to be established in the United States;—Col. Sabine, Report

on the Kew Magnetographs ;—J. Welsh, Report on the Performance of his three Magneto-
graphs during the Experimental Trial at the Kew Observatory ;—F. Ronalds, Report concern-

ing the Observatory of the British Association at Kew, from September 12, 1850 to July 31,

1851 ;—Ordnance Survey of Scotland.

Together with the Transactions of the Sections, Prof. Airy's .Address, and Reconi'

mendations of the Association and its Committees.

PROCEEDINGS of the TWENTY-SECOND MEETING, at Belfast,

IS5'2,, Published at I5s.

Contents :—R. Mallet, Third Report on the Facts of Earthquake Phenomena ;—Twelfth

Report of Committee on Experiments on the Growth and Vitality of Seeds ;—Rev. Prof.

Powell, Report on Observations of Luminous Meteors, 1851-52;—Dr. Gladstone, on the In-

fluence of the Solar Radiations on the Vital Powers of Plants ;—A Manual of Ethnological

Inquiry ;—Col. Sykes, Mean Temperature of the Day, and Monthly Fall of Rain at 127 Sta-

tions under the Bengal Presidency;—Prof. J. D. Forbes, on Experiments on the Laws of the

Conduction of Heat;—R. Hunt, on the Chemical Action of the Solar Radiations;—-Dr. Hodges,

on the Composition and Economy of. the Flax Plant;—W. Thompson, on the Freshwater

Fishes of Ulster;—W. Thompson, Supplementary Report on the Fauna of Ireland;—W. Wills,

on the Meteorology of Birmingham;—J. I'homson, on the Vortex- Water- Wheel ;—J. B. Lav\es

and Dr. Gilbert, on the Composition of Foods in relation to Respiration and the Feeding of

Animals.
Together with the Transactions of the Sections, Colonel Sabilie'o Address, and Reconi*

nier.datioiis of the Assjciauou and its Cunimictees.
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PROCEEDINGS of the TWENTY-THIRD MEETING, at Hull,

1853, Published at 10s. 6c?.

Contents:—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1852-53;

James Oldham, on the Physical Features of the Humher;—James Oldham, on the Rise,

Progress, and Present Position of Steam Navigation in Hull;— SVilliam Fairbairn, Experi-

mental Researches to determine the Strength of Locomotive Boilers, and the causes which

lead to Explosion;— J. J. Sylvester, Provisional Report on the Theory of Determinants;—

Professor Hodges, M.D., Report on the Gases evolved in Steeping Flax, and on the Composition

and Economy of the Flax Plant;—Thirteenth Report of Committee on Experiments on the

Growth and Vitality of Seeds;—Robert Hunt, on the Chemical Action of the Solar Radiations;

—John P. Bell, ^^D., Observations on the Character and Measurements of Degradation of the

Yorkshire Coast; First Report of Committee on the Physical Character of the Moon's Sur-

face, as compared with that of the Earth;—R. Mallet, Provisional Report on Earthquake

Wave-Transits; and on Seismometrical Instruments;—William Fairbairn, on the Mechanical

Properties of Metals as derived from repeated Meltings, exhibiting the maximum point of

strength and the causes of deterioration ;—Robert Mallet, Third Report on the Facts ofEarth-

quake Phenomena (continued).

Together with the Transactions of the Sections, Mr. Hopkins's Address, and Recommenda-

tions of the Association and its Committees.

PROCEEDINGS of the TWENTY-FOURTH MEETING, at Liver-

pool, 1854, Published at 18*.

Contents:—R. Mallet, Third Report on the Facts of Earthquake Phenomena (continued);

Major-General Chesney, on the Construction and General Use of Efficient Life-Boats;—Rev.

Prof. Powell, Third Report on the present State of our Knowledge of Radiant Heat ;—Colonel

Sabine, on some of the results obtained at the British Colonial Magnetic Observatories;

—

Colonel Portlock, Report of the Committee on Earthquakes, with their proceedings respecting

Seismometers;—Dr. Gladstone, on the influence of the Solar Radiations on the Vital Powers

of Plants, Part 2 ;—Rev. Prof Powell, Report on Observations of Luminous Meteors, 1853-54 ;

Second Report of the Committee on the Physical Character of the Moon's Surface ;—W. G.

Armstrong, on the .Application of Water-Pressure Machinery ;—J. B. Lawes and Dr. Gilbert,

on the Equivalency of Starch and Sugar in Food ;—Archibald Smith, on the Deviations of the

Compass in Wooden and Iron Ships ;—Fourteenth Report of Committee on Experiments on

the Growth and Vitality of Seeds.

Together with the Transactions of the Sections, the Earl of Harrowby's Address, and Re-

commendations of the Association and its Committees.

PROCEEDINGS of the TWENTY-FIFTH MEETING, at Glasgow,

1855, Published at \5s.

Contents :—T. Dobson, Report on the Relation between Explosions in Coal- Mines and
Revolving Storms;—Dr. Gladstone, on the Influence of the Solar Radiations on the Vital Powers
of Plants growing under different Atmospheric Conditions, Part 3;— C. Spence Bate, on the

British Edriophthalma ;— J. F. Bateman, on the present state of our knowledge on the Supply
of W iter to Towns;— Fifteenth Report of Committee on Experiments on the Growth and
Vitality of Seeds ;—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1854-55

;

^Report of Committee appointed to^inquire into the best means of ascertaining those pro-

perties of Metals and effects of various modes of treating them which are of importance lo the

durability and efficiency of Artillery ;— Rev. Prof. Henslow, Report on Typical Objects in

Natural History;—A. Follett Osier, Account of the Self- Registering Anemometer and Rain-
Gauge at the Liverpool Observatory ;—Provisional Reports.

Together with the Transactions of the Sections, the Duke of Argyll's Address, and Recoir.«

mendations of the Association and its Committees.

PROCEEDINGS of the TWENTY-SIXTH MEETING, at Chel-

tenham, 1856, Published at 18s.

Contents:—Report from the Committee appointed to investigate and report upon the

effects produced upon the Channels of the Mersey by the alterations which within the last

fifty years have been made in its Banks;— J. Thomson, Interim Report on progress in Re-
searches on the Measurement of Water by Weir Boards;— Dredging Report, Frith of Clyde,

1856;—Rev. B. Powell, Report on Cbservations of Luminous Meteors, 1855-1856;—Prof.

Bunsen and Dr. H. E. Roscoe, Photochemical Researches ;—Rev. James Booth, on the Trigo-

nometry of the Parabola, and the Geometrical Origin of Logarithms ;—R. MacAndrew, Report
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on the Marine Testaceous MoUusca of the North-east Atlantic and Neiglibouring Seas, and
tlie physical conditions affecting their development;— P. 1'. Carpenter, Report on the present

state of our knowledge with regard to the MoUusca of the West Coast of North America;

—

T. C. Eyton, Abstract of First Keport on the Oyster Beds and Oysters of the British Shores;

—Prof. Phillips, Report on Cleavage and Foliation in Rocks, and on the Theoretical Expla-
nations of thei^e Phenomena: Part I.;—Dr. T. Wright on the Stratigraphical Distribution of

the Oolitic Echinodermata ;—W. Fairbairn, on the Tensile Strength of Wrought Iron at various

Temperatures ;—C. Atherton, on Mercantile Steam Transport Economy ;—J. S. Bowerbank,on
the Vital Powers of the Spongiadse;—Report of a Committee upon the Experiments conducted

at Stormontfield, near Perth, for the artificial propagation of Salmon ;—Provisional Report on
the Measurement of Ships for Tonnage ;—On Typical Forms of Minerals, Plants and Animals
for Museums;—J.Thomson, Interim Report on Progress in Researches on the Measure-
ment of Water by Weir Boards;— R. Mallet, on Observations with the Seismometer ;—A.

Cayley, on the Progress of Theoretical Dynamics;—Report of a Committee appointed to con.

sider the formation of a Catalogue of Philosophical Memoirs.
Together with the Transactions of the Sections, Dr. Daubeny's Address, and Recom-

mendations of the Association and its Committees.

PROCEEDINGS of the TWENTY-SEVENTH MEETING, at

Dublin, 1857, Published at \5s.

Contents:—A. Cayley, Report on the Recent Progress of Theoretical Dynamics;—Six-

teenth and final Report of Committee on Experiments on the Growth and Vitality of Seeds ;—.lames Oldham, C.E., continuation of Report on Steam Navigation at Hull;—Report of a

Committee on the Detects of the present methods of Measuring and Registering the Tonnage
of Shipping, as also of Marine Engine-Power, and to frame more perfect rules, in order that

a correct and nniform principle may be adopted to estimate the Actual Carrying Capabilities

and Working-Power of Steam Ships;—Robert Were Fox, Report on the Temperature of

some Deep Mines in Cornwall;— Dr. G. Plarr, De quelques Transformations de la Somme
-« a'i + l/3'l + l^'' + >

2' —
;—r-rr, a etant entier neeatif, et de quelques cas dans lesquels cette somme

est exprimable par une comhinaison de factorielles, la notation a" + l designant le produit des

t facteurs a (a-fl) (^-{-2) &c....(a-f-/— 1);—G. Dickie, M.D., Report on the Marine Zoology

of Strangford Lough, County Down, and corresponding part of the Irish Channel;—Charles

Atherton, Suggestions for Statistical Inquiry into the extent to which Mercantile Steam Trans-

port Economy is affected by the Constructive Type of Shipping, as respects the Proportions of

Length, Breadth, and Depth ;— J. S. Bowerbank, Further Report on the Vitality of the Spon-

giadae;—John P. Hodges, M.D., on Flax;—Major-General Sabine, Report of the Committee
on the Magnetic Survey of Great Britain;— Rev. Baden Powell, Report on Observations of

Luminous Meteors, 1856-57 ;—C.Vignoles, C.E., on the Adaptation of Suspension Bridges to

sustain the passage of Railway Trains;—Professor W. A. Miller, M.D., on Electro-Chemistry

;

—John Simpson, R.N., Results of Thermometrical Observations made at the ' Plover's
'

Wintering-place, Point Barrow, latitude 71° 21' N., long. 156° 17' W., in 1852-54 ;—Charles
James Hargreave, LL.D., on the Algebraic Couple; and on the Equivalents of Indeterminate

Expressions;—Thomas Grubb, Report on the Improvement of Telescope and Equatorial

Mountings;—Professor James Buckman, Keport on the Experirrental Plots in the Botanical

Garden of the RoyalAgricultural College at Cirencester ;—William Fairbairn, on the Resistance

of Tubes to Collapse ;— George C. Hyndman, Report of the Proceedings of the Belfast Dredging
Committee ;— Peter W. Barlow, on the Mechanical Effect of combining Girders and Suspen-
sion Chains, and a Comparison of the Weight of Metal in Ordinary and Suspension Girders,

to produce equal deflections with a given load ;—J. Park Harrison, M.A., Evidences of Lunar
Influence on Temperature;—Report on the Animal and Vegetable Products imported into

Liverpool from the year 1851 to 1S55 (inclusive) ;—Andrew Henderson, Report on the Sta-

tistics of Life-boats and Fishing-boats on the Coasts of the United Kingdom.
Together with the Transactions of the Sections, Rev. H. Lloyd's Address, and Recomirien-

datioMS of the Association and its Committees.

PROCEEDINGS of the TWENTY-EIGHTH MEETING, at Leeds,

September 1858, Published at 20s.

Contents:—R. Mallet, Fourth Report upon the Facts and Theory of Earthquake Phe-
nomena ;— Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1857-58;— R. H.
Meade, on some Points in the Anatomy of the Araneidea or true Spiders, especially on the

internal structure of their Spinning Organs;—W. Fairbairn, Report of the Committee on tl e

Patent Laws;—S. Eddy, on the Lead Mining Districts of Yoikshire ;—W. Fairbairn, on the



Collapse of Glass Globas and Cylinders;—Dr. E. Perceval Wriglit and Prof. J. Reay Greene,
Report on the Marine Fauna of the South and West Coasts of Ireland;— I'rof. J. Thomson, on
Experiments on the Measurement of Water by Triangular Notches in Weir Boards;—Major-
General Sabine, Report of the Committee on the Magnetic Survey of Great Britain ;—Michael
Connal and William Keddie, Report on Animal, Vegetable, and Mineral Substances imported
from Foreign Countries into the Clyde (including the Ports of Glasgow, Greenock, and Port

Glaigo.v) in the years 1853, 1854, 1855, 1858, and 1857 ;—Reportof the Committee on Ship-
ping Statistics;—Rev. H. Lloyd, D.U., Notice of the Instruments employed in the Mag-
netic Survey of Ireland, with some of the Results;—Prof J. R. Kinahan, Report of Dublin
Dredging Committee, appointed 1857-58 ;— Prof. J. R. Kinahan, Report on Crustacea of Dub-
lin District;—Andrew Henderson, on River Steamers, their Form, Construction, and Fittings,

with reference to the necessity for improving the present means of Shallow-Water Navigation

on the Rivers of British India;—George C. Hyndman, Report of the Belfast Dredging Com-
mittee;—Appendix to Mr. Vignoles's paper " On the Adaptation of Suspension Bridges to sus-

tain the passage of Railway Trains;"—Report of the Joint Committee of the Royal Society and
the British Association, for procuring a continuance of the Magnetic and Meteorological Ob-
servatories;—R. Beckley, Description of a Self-recording Anemometer.

Together with the Transactions of the Sections, Prof. Owen's Address, and Recommenda-
tions of the Association and its Committees.

PROCEEDINGS of the TWENTY-NINTH MEETING, at Aberdeen,
September 1859, Published ai 1 5s.

Contents:—George C. Foster, Preliminary Report on the Recent Progress and Present
State of Organic Chemistry;—Professor Buckman, Report on the Growth of Plants in the
Garden of the Royal Agricultural College, Cirencester;— Dr. A. Voelcker, Report on Field
Experiments and Laboratory Researches on the Constituents of Manures essential to cultivated

Crops ;—A. Thomson, Esq., of Banchory, Report on the Aberdeen Industrial Feeding Schools;
—On the Upper Silurians of Lesmahago, Lanarkshire ;—Alphonse Gages, Report on the Re-
sults obtained by the Mechanico-Chemical Examination of Rocks and Minerals;—William
Fairbairn, Experiments to d^-terniine the Efliciency of Continuous and Self-acting Breaks lor

Railway Trains;—Professor J. R. Kinahan, Report of Dublin Bay Dredging Committee for

185S-o9;—Rev. Baden Powell, Report on Observations of Luminous Meteors for 1858-59;—Professor Owen, Report on a Series of Skulls of various Tribes of Mankind inhabiting
Nepal, collected, and presented to the British Museum, by Bryan H. Hodgson, Esq., lale Re-
sident in Nepal, &c. &c. ;—Messrs. Maskelyne, Iladow, Hardwich, and Llewelyn, Report on
the Present State of our Knowledge regarding the Photographic Image;—G. C. Hyndman,
Report of the Belfast Dredging Committee for 1859 ;—James Oldham, Continuation of Report
of the Progress of Steam Navigation at Hull;—Charles Atherton, Mercantile Steam Trans-
port Economy as affected by the Consutnption of Coals;—Warien de la Rue, Repoit on the
pre.«ent state of Celestial Photograjihy in England;—i'rofessor Owen, on the Orders of I'ossi)

and Recent Reptilia, and their Distribution in Time ;— Balfour Stewart, on some Results of the

Magnetic Survey of Scotland in the years 1857 and 1858, undertaken, at the request of the
Briiish Association, by the late John Welsh, Esq., F.R.S. ;—W. Fairbairn, The Patent Laws:
Report of Committee on the Patent Laws;—J. Park Harrison, Lunar Influence on the Tem-
perature of the Air;— Balfour Stewart, an Account of the Construction of the Self-recording
Magnetographs at present in operation at the Kew Observatory of the British Association ;

—

Prof. H. J. Stephen Smith, Report on the Theory of Numbers, Part 1. ;—Report of the
Conuuittee on Steamship performance;—Report of the Proceedings of the Balloon Committee
of the British Association a)),.ointed at the Meeting at Leeds;—Prof. William K. Stdlivan,
Preliminary Report on the Solubility of Salts at Temperatures above 100° Cent., and on the
Mutual Action of Salts in Solution.

Together witli the Transactions of the Sections, Prince Albert's Address, and Recommenda-
tions of the Association and its Committees.

PROCEEDINGS of the THIRTIETH MEETING, at Oxford, June
and July 1860, Published at 15s.

Contents:—James Glaisher, Report on Observations of Luminous Meteors, 1859-60;

—

J. R. Kinahan, Regort of Dublin Bay Dredging Committee;—Rev. J. Anderson, Report on
the Excavations in Dura Den ;—Professor Buckman, Report on the Experimental Plots in the
Botanical Garden of the Royal Agricultural College, Cirencester ;—Rev. R. Walker, Report of
the Coipinittee on Balloon Ascents;—Prof. W. Thomson, Report of Committee appointed to
prenare a Self-recording Atmospheric Electrcmieter for Kew, and Poi table Apparatus for ob-
serving Atmospheric Electricity ;—William I'aiibairn, Experiments to deteimine the Effect of
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Vibratory Action and long-continued Clianges of Load ui)on Wrouglit-iron Girders ;—R. T.

Orog, Catalogue of Meteorites and Fireballs, from a.d. 2 to A.D. 1860 ;—Prof. H.J. S. Smith,

Keporton the Theory of Nmiibers, Part II.;—Vice-Admiral Moorsom, on the Performance of

.Steam- vessels, the Puiutions of the Screw, and the Relations of its Diameter and Pitch to the

Form of the Vessel;— Rev. \V. V. Harcourt, Report on the Eflects of long-contiiuied Heat,

illustrative of Geological Phenomena ;—Second Report of the Commitlce on Steamship Per-

formance ;

—

Interim Report on the Gauging of Water by Triangular Notches ;— List ol the

British Marine Invertebrate Fauna.
Together with the Tr.insactions of the Sections, Lord Wrottesley's Address, and Recom-

mendations of the Association and its Committees.

PROCEEDINGS of the THIRTY-FIRST MEETING, at Manches-

tor, September 18(31, Published at £i.

Contents:—James Glaisher, Report on Observations of Luminous Meteors;—Dr. E.

Smith, Ueport on the Action of Prison Diet and Discipline on the Bodily Functions of Pri-

soners, Part I.;—Charles Atherton, on Freight as affected by Differences in the Dynamic

Properties of Steamships;—Warren De la Rue, Report on the Progress of Celestial Photo-

graphy since the Aberdeen Meeting;— H. Stewart, on the Theory of Exchanges, and its re-

cent extension ;— Drs. E. Schunck, R. Angus Smith, and H. E. Roscoe, on the Recent Pro-

gress and Present Condition of Manufacturing Chemistry in the Souih Lancashire District ;

—

Dr. J. Hunt, on Ethno-Climatology ; or, the Acclimatization of Man ;—Prof. J. Thomson, on

Experinicnts on the Gauging of Water by Triangular Notches;—Dr. A. Voelcker, Report on

Field Kxperim.enls and Laboratory Researches on the Constituents of Manures essential to

cultivated Crops :—Prof. H. Hennessy, Provisional Report on the Present State of our Know-
ledge respec;ing the Transmission of Sound-signals during Fogs at Sea;—Dr. P. L. Sclater

a:id F. von Hochsletter, Report on the Present State of our Knowledge of the Birds of the

(ienus Aptcryx living in New Zealand ;—J. G. Jeffreys, Report of the Results of Deep-sea

Dredging in Zetland, with a Notice of several Species of Mollusca new to Science or to the

Rritish Isles;—Prof. J. Phillips, Contributions to a Report on the Physical Aspect of the

Moon;—W. R. Birt, Contribution to a Report on the Physical Aspect of the Moon;— Dr.

Collingwood and Mr. Byerley, Prelinnnary Report of the Dredging Connniltee of the Mcr.sey

.".nd Dee ;—Third Report of the Committee on Steamship Performance ;—J. G. Jeffreys,

Preliminary Report on the Best Mode of preventing the Ravages of Teredo and other Animals

in our Ships and Harbours;—R. Mallet, Report on the Ex|)eriments made at Holyhead to

ascertain the Transit-Yelociiy of Waves, analogous to Earthquake Waves, through the local

Rock Formations ;—T. Dobson, on the Explosions in British Coal-Mines during the year 1S59;

—J. Oldham, Continuation of Report on Steam Navigation at Hull;—Professor G. Dickie,

Brief Summary of a Report on the Flora of the North of Ireland ;—Professor Owen, on the

Psychical and Physical Character^ of the Mincopies, or Natives of the Andaman Islands, and

on the Relations thereby indicated to other Races of Mankind ;—Colonel Sykes, Report of the

Balloon Connnittee ;—.Major-General Sabine, Report on the Repetition of the Magnetic Sur-

vey of England ;—Interim Report of the Committee for Dredging on the No.th and East

Co'asts of Scotland ;—W. Fairbairn, on the Resislance of Iron Plates to Statical Pressure and

the Force of Impact by Projectiles at High Velocities ;—W. Fairbairn, Continuation of Report

to determine the effect of Vibratory Action and long-continued Changes of Load upon

Wrought-lron Girders;—Report of the Committee on the Law of Patents;—Prof. H. J. S,

Smith, Report on the Theory of Numbers, Pai t III.

Together with the Transactions of the Sections, Mr. Fairbairn's Address, and Recommen-
dations of the Association and its Conmiittees.

PROCEEDINGS of the THIRTY-SECOND MEETING, at Cam-
bridge, October 1862, Published at £1.

Contents :—James Glaisher, Report on Observations of Luminous Meteors, 1R61-G2;

—

G. D. Airy, on the Strains in the Interior of Beams;—Archihald Smith and F. J. Evans,

Report on the three Reports of the Liverpool Compass Committee;—Re])ort on 'i'idal Ob-

servations on the Huinl)cr;—T. Aston, on Ri.led Guns and Projectiles adaptedfor Att:>(kii;g

Arniour-))late Defences;—E.\tracts, relating to the Observatory at Kew, from a I'.eixirt

presented to the Portuguese Government, by Dr. J. A. de Souza;— H. T. Mennell, Report

on the Dredging of the Northtunberland Coast and Dogger Bank;— Dr. Cuthhert Colling,

wood, Rep(nt upon the hest means of advancing Science through the agency of the Mercan-

tile Marine;—Messrs. Williamson, AVheatstone, Thomson, Miller, Matrhiessen, and Jenkin,

Provisional Report on Standards of Electrical Resistance ;—Pieliminary Report of the Com-
mittee for invcstig^itiiig the Chemical and Iviiiieralogical Composition of the Granites of Do-
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negal ;—Prof. H. Hennessy, on tlue Vertical Movements of the Atmosphere considerefl in

connexion with Storms and Changes of Weather ;— Report of Committee on the application

of Gauss's General Theory of Terrestrial Magnetism to the Magnetic Variations;—Fleeming

Jenlcin, on Thermo-electric Currents in Circuits of one Metal;—W. Fairbairn, on the Me-
chanical Properties of Iron Projectiles at High Velocities;—A. Cayley, Report on the Pro-

gress of the Solution of certain Special Problems of Dynamics ;—Prof. G. G. Stokes, Report

on Double Refraction ;—Fourth Report of the Committee on Steamship Performance ;

—

G. J. Symons, on the Fall of Rain in the British Isles in 1860 and 1861 ;—J. Ball, on Ther-

mometric Observations in the Alps ;— J. G. Jeffreys, Report of the Committee for Dredging

on the N. and E. Coasts of Scotland ;—Report of the Committee on Technical and Scientific

Evidence in Courts of Law ;—James Glaisher, Account of Eight Balloon Ascents in 1862 ;

—

Prof. H. J. S. Smith, Report on the Theory of Numbers, Part IV.

Together with the Transactions of the Sections, the Rev. Prof. R. Willis's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the THIRTY-THIRD MEETING, at New-
castle-upon-Tyne, August and September 1863, Published at £l 5s.

Contents :—Report of the Committee on the Application of Gun-cotton to Warlike Pur-

poses;—A. Matthiessen, Report on the Chemical Nature of Alloys;—Report of the Com-
mittee on the Chemical and Mineralogical Constitution of the Granites of Donesjal, and on
the Rocks associated with them ;—J. G. Jeffreys, Report of the Committee appointed for

Exploring the Coasts of Shetland by means of the Dredge;—G. D. GibI), Report on the

Physiological Effects of the Bromide of Ammonium ;—C. K. Aken, on the Transmutation of

Spectral Rays, Part I. ;—Dr. Robinson, Report of the Committee on Fog Signals;—Report

of the Committee on Standards of Electrical Resistance ;—E. Smith, Abstract of Report by

the Indian Government on the Foods used by the Free and .lail Populations in India;— A.

Gages, Synthetical Researches on the Formation of Minerals, &c. ;—R. Mallet, Preliminary

Report on the Experimental Determination of the Temperatures of Volcanic Foci, and of the

Temperature, State of Saturation, and Velocity of the issuing Gases and Vapours ;—Report

of the Committee on Observations of Luminous Meteors;— Fifth Report of the Committee
on Steamship Performance;— G. J. AUman, Report on the Present State of our Knowledge
of the Reproductive S\ stem in the Hydroida ;—J. Glaisher, Account of Five Balloon Ascents

made in 1863;—P. P. Carpenter, Supplementary Report on the Present State of our Know-
ledge with regard to the Mollusca of the West Coast of North America;— Proftssor Airy,

Report on Steam-boiler Explosions;—C. W. Siemens, Observations on the Electrical Resist-

ance and Electrification of some Insulating Materials under Pressures up to 300 Atmo-
spheres;—CM. Palmer, on the Construction of Iron Ships and the Progress of Iron Ship-

huilding on the Tyne, Wear, and Tees ;— Messrs. Richardson, Stevenson, and Clapham, on
the Chemical Manufactures of the Northern Districts;—Messrs. Sopwith and Richardson,

on the Local Manufacture of Lead, Copper, Zinc, Antimony, &c. ;—Messrs. Daglish and
Forster, on the Magnesian Limestone of Durham ;— I. L. Bell, on the Manufacture of Iron

in connexion with the Northumberland and Durham Coal-field;—T. Spencer, on the Manu-
facture of Steel in the Northern District;— H. J. S. Smith, Report on the Theory of Num-
bers, Part V.

Together with the Transactions of the Sections, Sir William Armstrong's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the THIRTY-FOURTH MEETING, at Batl.,

September 1864, Published a.t IPs.

Contents :—Report of the Committee for Observations of Luminous Meteors ;—Report
of the Committee on the best means of providing for a Uniformity of Weights and Mea-
sures;—T. S. Cohbold, Report of Experiments respecting the Development and Migration

of the Entozoa ;— B. W. Richardson, Report on the Physiological Action of Nitrite of Amyl;
— J. Oldham, Report of the Committee on Tidal Observations ;— G. S. Brady, Report on
dtep-sea Dredging on the Coasts of Northumberland and Durham in 1864;— J. Glaisher,

Account of Nine Balloon Ascents made in 1863 and 1864;—J. G. Jeffreys, Further Report

on Shetland L^redgings ;—Report of the Committee on the Distribution of the Organic

Remains of the North Staffordshire Coal-field;— Report of the Committee on Standards of

Electrical Resistance;— G. J. Symons, on the Fall of Rain in the British Isles in 1862 and
1863;—W. Fairbairn, Preliminary Investigation of the Mechanical Properties of the pro-

posed Atlantic Cable.

Together with the Transactions of the Sections, Sir Charles Lyell's Address, and Recom-
mendations of the Association and its Committees.
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PROCEEDINGS of the THIRTY-FIFTH MEETING, at Binuing-
haiii, September 1865, Published at £l 5s.

Contents :—J. G. Jeffreys, Report on Dredging among the Channel Isles ;—F. Buckland,
Report on the Cultivation of Oysters by Natural and Artificial Methods ;—Report of the
Committee for exploring Kent's Cavern ;—Report of the Committee on Zoological Nomen-
clature ;—Report on the Distribution of the Organic Remains of the North Staffordsliire

Coal-field;—Report on the Marine Fauna and Flora of the South Coast of Devon and Corn-
wall ;

—-Interim Report on tlie Resistance of Water to Floating and Immersed Bodies ;—Re-
port on Observations of Luminous Meteors ;— Report on Dredging on the Coast of Aberdeen,
shire;—J. Glaislier, Account of Three Balloon Ascents;—Interim Report on the Traiismis-
sion of Sound under Water;—G. J. Symons, on the Rainfall of the British Isles;—W. Fair-

bairn, on the Strength of Materials considered iu relation to the Construction of Iron Ships
;—Report of the Gun-Cotton Committee ;—A. F. Osier, on the Horary and Diurnal Variations

in the Direction and Motion of the Air at Wrottesley, Liverpool, and Birmingham ;—B. W.
Richardson, Second Report on the Physiological Action of certain of the Amyl Compounds

;

—Report on further Researches in the Lingula-flags of South Wales;—Report of the Lunar
Committee for Mapping the Surface of the Moon ;—Report on Standards of Electrical Re-
sistance;— Report of the Committee appointed to commimicate with the Russian Govern-
ment respecting Magnetical Observations at Tiflis ;—Appendix to Report on the Distribution

of the Vertebrate Remains from the North Staffordshire Coal-field;—H. Woodward, First

Report on the Structure and Classification of the Fossil Crustacea ;—H. J. S. Smith, Report
on the Theory of Numbers, Part VI. ;—Report on the best means of providing for a Unifor-
mity of Weights and Measures, with reference to the interests of Science ;—A. G. Findlay,
on the Bed of the Ocean;—ProTessor A. W. Williamson, on the Composition of Gases
evolved by the Bath Spring called King's Bath.

Together with the Transactions of the Sections, Professor Phillips's Address, and Recom-
mendations of the Association and its Committees.

PEOCEEDINGS of the THIETT-SIXTH MEETING, at Nottiug-
ham, August 1866, Published at £1 45.

Contents :—Second Report on Kent's Cavern, Devonshire ;—A. Matthiessen, Preliminary
Report on the Chemical Nature of Cast Iron ;—Report on Observations of Luminous Meteors •

—W. S. Mitchell, Report on the Alum Bay Leaf-bed ;—Report on the Resistance of Water
to Floating and Immersed Bodies;—Dr. Norris, Report on Muscular Irritability ;— Dr.
Richardson, Report on the Physiological Action of certain compounds of Amyl and Ethvl •

II. Woodward, Second Report on the Structure and Classification of the Fossil Crustacea ;

Second Report on the " Menevian Group," and the other Formations at St. David's, Pem-
brokeshire ;—J. G. Jeffreys, Report on Dredging among the Hebrides ;—Rev. A. M. Norman,
Report on the Coasts of the Hebrides, Part II. ;—J. Alder, Notices of some Invertebrata, in
connexion with Mr. Jeffreys's Report;— G. S. Brady, Report on the Osiracoda dred"-ed
amongst the Hebrides;—Report on Dredging iu the Moray Firth;—Report on the Transmis-
sion of Sound-Signals under Water;—Report of the Lunar Committee ;—Report of the
Rainfall Committee ;—Report on the best means of providing for a Uniformity of AA'eights
and Measures, with reference to the Interests of Science ;—J. Glaisher, Account of Three Bal-
loon Ascents ;—Report on the Extinct Birds of the Mascarene Islands ;—Report on the pene-
tration of Iron-clad Ships by Steel Shot;—J. A. Wanklyn, Report on Isomerism among the
Alcohols ;—Report on Scientific Evidence in Courts of Law;—A. L. Adams, Second Report
on Maltese Fossiliferous Caves, &c.

Together with the Transactions of the Sections, Mr. Grove's Address, and Recommendations
of the Association and its Committees.

PEOCEEDINGS or the THIETT-SEVENTH MEETING, at
Duudee, September 1867, Published at £1 6s.

Content.s :—Report of the Committee for Mapping the Surface of the Moon ; Third
Report on Kent's Cavern, Devonshire;—On the present State of the Manufacture of iron
in Great Britain ;—Third Report on the Structure and Classification of the Fossil Crustacea •

—Re])ort on the Physiological Action of the Methyl Compounds ;—Preliminary Report on'

the Exploration of the Plant-Beds of North Greenland ;—Report of the Steamship Perform-
ance Committee;—On the Meteorology of Port Louis in the Island of Mauritius; On the
Construction and Works of the Highland Railway ;—Experimental Researches on the Me-
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chanical rropevlics of Steel;
—

"Report on the ilarine Faiiim ami Flora of tlie Sonth Coast of
Devon a!i(l Cori;-vvall;

—

Siippleireiit to a Iteport on the Extinct Dirliue i'iids of the Masca-
rene hianil; ;—Kepoit on Observations of Luminous Meteors;—Fourth Report on Dredging
among the Shetland Isles;—Preliminary Re|:ort on the Crustacea, &c., procured hy the
Shetland Dredging Committee in 18G7;—Report on the Foraniinifera olitained in the Shet-
land Seas;—Second Report of the Rainfall Committee,—Report on tlie hest means of

providing for a Uniformity of Weights and Measures, with reference to the Interests of

Science;—Report on Standards of Electrical Resistance.

Together with the Transactions of the Sections, and Recommendations of the Association

and its Commiitees.

PEOCEEDINGS or the THIETY-EIGHTH MEETING, at Nor-
wicli, August 1868, Published at £1 5s.

Contents:—Report of the TiUnar Committee;—Fourth Report on Kent's Cavern, Devon-
shire ;—On Puddling Iron ;—Fourth Report on the Structure and Classification of the
Fossil Crustacea ;—Report on British Fossil Corals;—Report on Siiectroscopic Investigations
of Animal Substances;—Report of Steamship Performance Committee ;—Spectrum Analysis
of the Heavenly Bodies;—On Stellar Spectrometry ;—Report on the Physiological Action of
the Methyl and allied Compounds;—Report on the Action of Mercury on the Biliary
Secretion ;—Last Report on Dredging among the Shetland Isles;—Reports on the Crustacea,
&c., and on the Annelida and Foraminifera from the Shetland Dreilgings ;— Report on the
Chemical Nature of Cast Iron, Part I. ;—Interim Report on the Safety of Merchant Ships
and their Passengers ;—Report on Observations of Luminous Meteors ;—Preliminary Report
on Mineral Veins containing Organic Remains ;—Report on the desirability of Explorations
between India and China;—Report of Rainfall Committee;— Report on Synthetical Re-
searches on Organic Acids ;—Report on Unifi;rmity of Weights and Measures ;—Report of the
Committee on Tidal Observations ;—Report of the Committee on Underground Temperature

;

—Changes of the Moon's Surface;—Report on Polyatomic Cyanides.
Together with the Transactions of the Sections, Dr. Hooker's Address, and Recommenda-

tions of the Association and its Committees.

PEOCEEDINGS of tub THIETT-NINTH MEETING, at Exeter, Au-
gust 1869, Published at =£1 2s.

Contents :—Report on the Plant-beds of North Greenland ;—Report on the existing
knowledge on the Stability, Propulsion, and Sea-going Qualities of Ships;— Report on
Steam-boiler Explosions;— Preliminary Report on the Determination of the Gases existing

in Solution in Well-waters;—The Pressure of Taxation on Real Property;—On the Che-
mical Reactions of Light discovered by Prof. Tyndall ;—On Fossils olitained at Kiltorkan
Quarry, CO. Kilkenny;—Report of the Lunar Committee;—Report on the Chemical Na-
ture of Cast Iron ;—Report on the Marine Fauna and Flora of the south coast of Devon
and Cornwall;—Report on the Practicability of establishing " a Close Time" for the Protec-
tion of Indigenous Animals ;—Experimental Researches on the Mechanical Properties of
Steel;—Second Report on British Fossil Corals;—Report of the Committee appointed to
get cut and prepared Sections of Mountain-limestone Corals for Photographing;— Report on
the rate of Increase of Underground Temperature ;—Fifth Report on Kent's Cavern, De-
vonshire ;— Report on the Connexion between Chemical Constitution and Physiological
Action ;—On Emission, .\bsorption, and Reflection of Obscure Heat ;—Report on Oliser-

vations of Luminous Meteors ;—Report on Uniformity of Weights and Measures ;—Report on
the Treatment and Utilization of Sewage ;—Supplement to Second Reportoft.be Steam-
ship-Performance Committee ;—Report on Recent Progress in Elliptic and Hypcrelliptic
Functions ;—Report on Mineral Veins in Carboniferous Limestone and their Organic Con-
tents;—Notes on the Foraminifera of Mineral Veins and the Adjacent Strata;— Report of
the Rainfall Committee ;—Interim Report on the Laws of the Flow and Action of Water
containing Solid Matter in Suspension;— Interim Rei)oit en Agricultural Machinery;

—

Report on the Physiological Action of Metliyl ajid Allied Series;— On the Influence of
Form considered in Relation to the Strength of Railway-axles and other portions of Machi-
nery subjected to Kapid Alterations of Strain ;—On the Penetration of Armour-plates with
Long Shells of Large Capacity fired obliquely;—Report on Standardsof Electrical Resistance.

Together with the Transactions of the Sections, Prof. Stokes's Address, and Eccom-
meudations of the Association and its Committees.
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rEOCEEDTXGS of the FORTIETH MEETIKG, at Liverpool, Septem-
ber 1870, Published at 18s.

Contents:—Eeport on Steam-boiler Explosiors ;—Beport of the Con^niittee on tlie

Haematite Iron-ores of Great Britain and Irelaiui ;—Kei'ort on the Sedimentary DfjOMts of
tlie River Onny;—Peport on the t lieniical Nature of Cast Iron;—Report on the i>raclica-
bility of cstahlishing " A Close Time " for the protection of Iridigcnrns Animals ;— Report
on Standards of Electrical Resistance;— Sixth Repoit on Kent's Cavern ;—Third Rejjort < n
Underground Ttmperature;— Second Report of the Committee 8pi>ointed to get cut and
prepared Sections of Mountain-Limestone Corals;— Second Report on the Stability, F'lo-
pulsion, and Sea-going Qualities of Ships ;—Report on Earthquskes in Scotland;—Re]iort
on the Treatment and Utilization of Sewage;—Report on Ohservatiotis of Luminous Me-
teors, 1869-70 ;—Report on Recent Progress in Elliptic and Hypeieliiptic Functions;

—

Report on Tidal Observations;—On a new Steam-power Meter ;—r>eport on the Action of
the Methyl and Allied Series;—Report of the Rainfall Committee;—Report on the Heat
generated in the Blood in the process of Arterialization ;—Heport on the best means of
providing for Uniformity of Weights and Measures.

Together with the Transactions of the Sections, Prof. Huxley's Address, and Recoraraen-
dations of the Association and its Committees.

PROCEEDINGS of the FORTY-FIRST MEETING, at Edinburgh,
August 1871, Published at 16s.

Contents:—Seventh Report on Kent's Cavern;—Fourth Report on Underground Tem-
perature;—Report on Observations of Luminous Meteors, 1870-71 ;—Fifth Report on the
Structure and Classification of the Fossil Crustacea;—Report for the purpose of ur-^ing on
Her Majesty's Government the expediency of arranging and tabulating the results of the
api)roaching Census in the three several parts of the United Kingdom in such a manner as
to admit of ready and effective comparison ;—Report for the purpose of Superintending the
publication of Abstracts of Chemical papers;—Report of the Committee for discussing
Observations of Lunar Objects susjjected of change ;—Second Provisional Report on tiie

Thermal Conductivity of Metals;—Report on the Rainfall of the British Isles; Third
Report on the British Fossil Corals ;—Report on the Heat generated in the Blood during the
process of Arterialization ;—Report of the Committee appointed to consider the subjict of
physiological Experimentation;— Report on the Physiological Action of Organic Clieniiciil
Compounds;—Report of the Committee appointed to get cut and prepared Sections of
Mountain-Limestone Corals;—Second Report on Steam-Boi!er Explosions;—Report on the
Treatment and Utilization of Sewage;—Report on promoting the Foundation of Zoolosita!
Stations in different parts of the World ;—Preliminary Report on i! e Thermal Equivalents cf
the Oxides of Chlorine ;—Report on the practicaliihty of establishing a " Close Tinic " for
the protection of Indigenous Animals :—Report on Earthquakes in Scotland ; Report on
the best means of providing. for a Uniformity of Weights and Measures ;—Report on Tidal
Observations.

Together with the Transactions of the Sections, Sir William Thomson's Address and
Recommendations of the Association and its Committees.

PROCEEDINGS or the FORTY -SECOND MEETING, at
Brighton, August 1872, Fuhlished at £1 4s.

Contents :—Report on the Gaussian Constants for the Year 1829 ;—Second Suiiplcmcn-
tary Report on the Extinct Birds of the Mascarene Islands;— Report of the Committee for
Superintending the Monthly Reports of the Progress of Chemistry;—Report of the Com-
mittee on the best means of providing for a Uniformity of Weights and Measures ; Eighth
Re];ort on Kent's Cavern ;—Repoit on promoting the Foundation of Zoological Stations in
different parts of the World;—Fourth heport on the Fauna of South Devon ;— Prehminaiv
Report of the Committee apjiointed to Construct and Print Catalogues of Spectral Rav's
arranged upon a Scale of Wave-numbers;— Third Report on Steam-Boiler Explosions;-^
Report on Observations of Luminous Meteors, 1871-72 ;—Experiments on the Surface-
friction experienced by a Plane moving through water;—Report of the Committee on the
Antagonism between the Action of Active Substances;— Fifth Report on Underground
Temperature:—Preliminary Report of the Committee on Siemens's Electrical-Resisiance
Pyrometer;—Fourth Report on the Treatment and Utilization of Sewage ;—Interim Report
ot the Committee on Instruments for Measuring the Speed of Ships and Currents ;— Report
on the Rainfall of tl e British Isles;— Report of the Committee on a Gcograj h.ical Exnleia-
tiou of the Country of Moab;—Sur relimination des Fonctioiis Arbitraircs ;— Report on tl.e
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Discovery of Fossils in certain remote parts of the North-western Highlands ;—Report of the

Committee on Earthquakes in Scotland ;—Fourth Report on Carboniferous-Limestone Corals

;

—Report of the Committee to consider the mode in which new Inventions and Claims for

Reward in respect of adopted Inventions are examined and dealt with by the different

Departments of Government;—Report of the Committee for discussing Observations of

Ijunar Objects suspected of change;—Reprirt on the Mollusca of Europe;—Report of the

Committee for investigating the Chemical Constitution and Optical Properties of lissential

Oils;— Report on tlie praccicability of establishing a "Close Time" for the preservation

of indiorenous animals ;—Sixth Report on the Structure and Classification of Fossil Crustacea

;

— Report of the Committee to organize an Expedition for observing the Solar Eclipse of Dec.

12, 18/1 ; Preliminary Report of a Committee on Terato-embryological Inquiries;—Report

on Recent Progress in Elliptic and Hyperelliptic Functions ;—Report on Tidal Observations ;

—On the Brighton Waterworlis ;—On Amsler's Planiraeter.

Together with the Transactions of the Sections, Dr. Carpenter's Address, and Recom-
mendations of the Association and its Committees.

PROCEEDINGS of the FORTY-THIED MEETING, at Bradford,

September 1873, Puhlished at £1 5s.

Contents :—Report of the Committee on Mathematical Tables ;—Observations on the

Application of Machinery to the cutting of Coal in Mines;—Concluding Report on the

Maltese Fossil Elephants ;—Report of the Committee for ascertaining the existence in difie-

rent parts of the United Kingdom of any Erratic Blocks or Boulders ;—Fourth Report on
Earthquakes in Scotland ;—Ninth Report on Kent's Cavern ;—On the Flint and Chert Imple-

ments found in Kent's Cavern ;—Report of the Committee for investigating the Chemical

Constitution and Optical Properties of Essential Oils ;—Report of inquiry into the Method of

making Gold-assays;—Fifth Report on the Selection and Nomenclature of Dynamical and
Electrical Units ;—Report of the Committee on the Labyrinthodonts of the Coal-measures

;

—Report of the Committee to construct and print Catalogues of Spectral Rays;— Report

of the Committee appointed to explore the Settle Caves ;— Sixth Report on Underground
Temperature;—Report on the Rainfall of the British Isles ;—Seventh Report on Researches

in Fossil Crustacea;—Report on Recent Progress in Elliptic and Hyperelliptic Functions;

—

Report on the desirability of establishing a " Close Time" for the preservation of indigenous

animals ;—Report on Luminous Meteors;— On the visibility of the dark side of Venus;

—

Report of the C(mimittee for the foundation of Zoological Stations in different parts of the

world ;—Second Report of the Committee for collecting Fossils from North-western Scot-

land ;—Fifth Report on the Treatment and Utilization of Sewage ;—Report of the Com-
mittee on Monthly Reports of the Progress of Chemistry ;—On the Bradford Waterworks ;

—

Report on the possibility of Improving the Methods of Instruction in Elementary Geometry;
— Interim Report of the Committee on Instruments for Measuring the Speed of Ships, &c.

;

—Report of the Coramiitee for Determinating High Temperatures by means of the Refran-

glbility of Light, evolved by Fluid or Solid Substances ;—On a periodicity of Cyclones and
Rainfall in connexion with Sun-spot periodicity ;—Fifth Report on the Structure of Carbo-

niferous-Limestone Corals ;—Report of the Committee on preparing and publishing brief

forms of Instructions for Travellers, Ethnologists, &c. ;—Preliminary Note from the Com-
mittee on the Influence of Forests on the Rainfall;—Report of Sub-Wealden Exploration

Committee ;—Report of the Committee on Machinery for obtaining a Record of the Rough-
ness of the Sea and Measurement of Waves near shore;—Report on Science-Lectures and
Organization ;—Second Report on Science-Lectures and Organization.

Together with the Transactions of the Sections, Professor A. W. Williamson's Address,

and Recommendations of the Association and its Committees.

PROCEEDINGS of the FORTY-FOURTH MEETING, at Belfast,

August 1874, Puhlished at £1 bs.

Contents :—Tenth Report on Kent's Cavern ;—Report for investigating the Chemical
Constitution and Optical Properties of Essential Oils ;—Second Report of the Sub-M^ealden

Exploration Committee;—On the Recent Progress and Present State of Systematic Botany;

—Report of the Committee for investigating the Nature of Intestinal Secretion ;—Report of

the Committee on the Teaching of Physics in Schools;— Preliminary Report for investiga-

ting Isomeric Cresols and their derivatives ;—Third Report of the Committee for Collecting

Fossils from localities in North- Western Scotland;—Report on the Rainfall of the British

loles ;—On the Belfast Harbour ;—Report of inqjiry into the Method of making Gold-

assays ;—Report of a Committee on Experiments to determine the Thermal Conductivities
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of certain Rocks;—Second Report on the Exploration of the Settle Caves;—On the Indus-
trial uses of the Upper IJann river ;—Report of the Committee on the Structure and Clas-
sification of tlie Labyrinthodonts ;—Second Report of the Committee for recording the
position, height above the sea, litliological characters, size, and origin of the Erratic Bloclts

of England and Wales, &e. ;

—

Sixth R.eport on the Treatment and Utilization of Sewage;

—

Report on the Anthropological Notes and Queries for the use of Travellers ;—On Cyclone
and Rainfall Periodicities ;— Fifth Report on Earthquakes in Scotland;— Report of the
Committee to prepare and print Tables of Wave-numbers;—Report of the Committee for

testing the new Pyrometer of Mr. Siemens ;—Report to the Lords Commissioners of the
Admiralty on Experiments for the Determination of the Frictional Resistance of Water on
a Surface &c. ;—Second Report for the Selection and Nomenclature of Dynamical and
Electrical Units;—On Instruments for measuring the Speed of Ships;—Report of the
Committee on the possibility of establishing a " Close-time " for the Protection of Indige-
nous Animals ;

— Report of the Committee to inquire into the economic effects of Combina-
tions of Labourers and Capitalists;— Preliminary Report on Dredging on the Coasts of
Durham and North Yorkshire ;—Report on Luminous Me eors ;— Report on the best means
of providing for a Uniformity of Weights and Measures.

Together with the Transactions of the Sections, Professor John Tyndall's Address, and
Recommendations of the Association and its Committees.

PROCEEDINGS of the FORTY-PIFTH MEETING, at Bristol,

August 1875, Published at £1 5s.

Contents :—Eleventh Report on Kent's Cavern ;—Seventh Report on Underground
Temperature;—Report on the Zoological Station at Naples;— Report of a Committee to

inquire into the Methods employed in the estimation of Potash and Phosphoric Ajid in

Commercial Products ;—Report on the present state of our knowledge of the Crustacea ;—
Second Report on the Thermal Conductivities of certain Rocks ;— Preliminary Report for

extending the observations on the Specific Volumes of Liquids ;—Sixth Report on Earth-
quakes in Scotland;—Seventh Report on the Treatment and Utilization of Sewage;

—

Report of the Committee for furthering the Palestine Explorations ;—Third Report of the
Committee for recording the position, height above the sea, lithological characters, size

and origin of the Erratic Blocks of England and Wales, &c. ;—Report of the Rainfall Com-
mittee ;—Report of the Committee for investigating Isomeric Cresols and their Deriva-
tives ;—Report of the Committee for investigating the Circulation of the Underground
Waters in the New Red Sandstone and Permian Formations of England ;—On the Steering
of Screw-Steamers ;—Second Report of the Committee on Combinations of Capital and
Labour;—Report of inquiry into the Method of making Gold-assays ;—Eighth Report on
Underground Temperature ;—Tides in the River Mersey ;—Sixth Report of the Committee
on the Structure of Carboniferous Corals ;—Report of the Committee appointed to explore
Settle Caves ;—On the River Avon (Bristol), its Drainage-Area, &c. ;—Report of the
Committee on the possibility of establishing a " Close-time " for the Protection of Indige-
nous Animals;—Report of the Committee appointed to superintend the Publication of the
Monthly Reports of the Progress of Chemistry;—Report on Dredging off the Coast of
Durham and North Yorkshire in 1874 ;—Report on Luminous Meteors ;—On the Analytical
Forms called Trees ;—Eeport of the Committee on Mathematical Tables;—Report of the
Committee on Mathematical Notation and Printing ;—Second Report of the Committee for
investigating Intestinal Secretion ;—Third Report of the Sub-Wealden Exploration Com-
mittee.

Together with the Transactions of the Sections, Sir John Hawkshaw's Address, and
Eecommendations of the Association and its Committees.

1876. ••
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1861. {Aspland, Alfred. Dukinfield, Ashton-under-Lyne.
Aspland, Algernon Sydney. Glamorgan House, Durdham Dowi
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1875. *Aspland, W. Gaskell. Lanesfield, Clifton, Bristol.

1861. §Asc[uith, J. R. Infirmary-street, Leeds.

1861. lAston, Thomas. 4 Elm-court, Temple, London, E.G.

1872. §Atchison, Arthur T. Rose-hill, Dorlring.

1873. lAtchison, D. G. Tyersall Hall, Yorkshire.

1858. lAtherton, Charles. Sandover, Isle of Wight.
1866. JAtherton, J. H., E.C.S. Long-row, Nottingham.
1865. JAtkin, Alfred. Griffin's-hill, Birmingham.
1861. fAtkin, Eli. Newton Heath, Manchester.

1865. *Atkinson, Edmund, Ph.D., F.C.S. 8 The Terrace, York Town,
Surrey.

1863. 'Atkinson, G. Clayton. 21 Windsor-terrace, Newcastle-on-Tyne.

1858. *Atkinson, John Hastings. 12 East Parade, Leeds.

1842. *Atkinson, Joseph Beavington. Stratford House, 113 Abingdon-road,
Kensington, London, W.

1861. JAtkinson, Hex. J. A. Longsight Rectory, near Manchester.

1858. Atkinson, William. Claremont, Southport.

1863. *Attfield, Professor J., Ph.D., F.C.S. 17 Bloomsbury-square,
London, W^C.

1860. *Austin-Gourlay, Rev. William E. C, M.A. Stoke Abbott Rectory,
Beamiuster, Dorset.

1865. *Avery, Thomas. Church-road, Edgbaston, Birmingham.
1867. JAvison, Thomas, F.S.A, Fiihvood Park, Liverpool.

1853. *Ayrton, W. S., F.S.A. Cliffden, Saltburn-by-the-Sea.

*Babington, Charles Cardale, M.A.,F.R.S., F.L.S., F.G.S., Pro-
fessor of Botany in the University of Cambridge. 5 Brookside,

Cambridge.
Backhouse, Edmund. Darlington.

Backhouse, Thomas James. Sunderland.

1863. JBackhouse, T. W. West Hendon House, Sunderland.

1870. § Bailey, Dr. F. J. 51 Grove-street, Liverpool.

1865. JBailey, Samuel, F.G.S. The Peck, Walsall.
_

1855. JBailey, William. Horseley Fields Chemical Work.«i, Wolver-
hampton.

1866. JBaillon, Andrew. St. Mary's Gate, Nottingham.
1866. tBaillon, L. St. Mary's Gate, Nottingham.
1857. JBaily, William Hellieb, F.L.S., 1 .G.S., Acting Palaeontologist to

the Geological Survey of Ireland. 14 Hume-street ; and Apsley
Lodge, 92 Rathgar-road, Dublin.

1873. §Bain, James. 3 Park-terrace, Glasgow.
1805. JBain, Rev. W. J. Gleulark Villa, Leamington.

*Bainbridge, Robert Walton. Middleton House, Middleton-in-Tees-
dale, by Darlington.

'Baines, Edward. Belgrave-mansions, Grosvenor-gardens, London,
S.W. ; and St. Ann's-hill, Burley, Leeds.

1858. JBaines, Frederick. Burlev, near Leeds.

1858. JBaines, T. Blackburn. 'Mercury' Office, Leeds.
1866. j Baker, Francis B. Sherwood-street, Nottingham.
1858. *Baker, Henry Granville. Bellevue, Horsforth, near Leeds.
1865. JBaker, James P. Wolverhampton.
1861. *Bakcr, John. Gatley Hill, Cheadle, Manchester.
1805. fBaker, Robert Iv. Barham House, Leamington.
1849. *Baker, William. 03 Gloucester-place, Hyde Park, London, "W.
1863. §Baker, William. Taptouville, Sheffield.

1875. *Ba]ver, W. Mills. Moorland House, Stoke Bishop, near Bristol.

1875. tBaker, "W. Proctor. Brislington, Bristol,
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1860. JBaldiug, .James, M.R.C.S., M.A. Barkway, Royston, Hertfordsliiic.

1871. *Baifour, Francis Maitland, M.A. Trinity College, Cambridge.

1871. JBalfour, CI. W. AVliittinghame, Prestonkirlc, Scotland.

1875. §Balfour, Isaac Bavlev, I).Sc. 27 luverleitli-row, ]!]diiibm-gh.

•Balfour, John IIuttox, M.D., M.A., F.ll.S. L. & E., F.L.S., Pro-

fessor of Botany in the University of Edinburgh. 27 Inverleith-

row, Edinburgh.
*Ball, John, M.A., F.E.S., F.L.S., M.E.I.A. 10 Southwell-gardens,

South Kensington, London, W.
1866. *Ball, Robebt Sta-\yell, M.A., LL.D., F.R.S., Andrews Professor

of Astronomy in the University of Dublin, and Royal Astro-

nomer. The Observatory, Dunsink, Co. Dublin.

1863. JBall, Thomas. Bramcote, Nottingham.
*Ball, William. Bruce-grove, Tottenham, Loudon ; and Glen Rothay,

near Ambleside, Westmoreland.
1876. §Bal]antyne, James. Southcroft, Rutherglen, Glasgow.
1870. IBalmain, William H., F.C.S. Spring Cottage, Great St. Helens,

Lancashire.

1869. fBamber, Henry K. , F.C.S. 5 Westminster-chambers, Victoria-street,

Westminster, S.W.
1874. *Bangay, Frederick Arthur. Cheadle, Cheshire.

1852. JBangor, Viscount. Castleward, Co. Down, Ireland.

1870. JBanistee, Rev. William, B.A. St. James's Mount, Liverpool.

1861. \Banncrmann, James Alexander. Limeficld House, Higher Browjliivn,

near Manchester.

1866. JBarber, John. Long- row, Nottingham.
1861. *Barbour, George. Bankhead, Broxton, Chester.

1859. JBarbour, George F. 11 George-square, Edinburgh.
*Barbour, Robert. Bolesworth Castle, Tattenhall, Chester.

1855. JBarclay, Andi'ew. Kilmarnock, Scotland.

Barclay, Charles, F.S.A., M.R.A.S. Bury-hill, Dorking.
1871. JBarclay, George. 17 Coates-crescent, Edinburgh.

Barclay, James. Catriue, AjTshire.

1852. 'Barclay, J. Guruey. 54 Lombard-street, London, E.G.
1860. 'Barclay, Robert. High Leigh, Hoddesden, Herts.

1876. 'Barclay, Robert. 21 Park-terrace, Glasgow.
1868. 'Barclay, W. L. 54 Lombard-street, London, E.C.
1863. 'Barford, James Gale, F.C.S. Wellington College, Wokingham,

Berkshire.

1860. 'Barker, Rev. Arthur Alcock, B.D. East Bridgford Rectory,
Nottingham.

1857. :l:Barker, John, M.D., Cm'ator of the Royal College of Siu'geons of
Ireland. AVaterloo-road, Dublin.

1865. JBarker, Stephen. 30 Frederick- street, Edgbaston, Birmingham.
1870. JBarkly, Sir Henry, K.C.B., F.R.S., F.R.G.S., Governor of Cape

Colony and Dependencies. Cape of Good Hope.
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1870. JCameron, John, M.D. 17 Rodney-street, Liverpool.
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1859. JChalmers, John Inglis. Aldbar, Aberdeen.
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1861. *Chapman, Edward, M.A., F.L.S., F.C.S. Frewen Hall, Oxford
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1866. jChapman, Willitim. The Park, Nottingham.
1871. §Chappell, William, F.S.A. Strafford Lodge, Oatlands Park, Wev-
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1874, JCharles, .lohn .Tames, M.A., M.D. 11 Fisherwick-vilace, Belfa^;
1871. JCharles, T. C, IM.D. Queen's College, Belfast.
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1867. *Cliatwood, Samuel. 5 Wentwortli-place, Bolton.
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of Edinburgh. Edinburgh.

1875. *Christopher, George, F.C.S. (Assistant General Treasurer.)
University College, London, W.C.
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1870, §Church, a. H., F.C.S. , Professor of Chemistiy in the Royal Agri-
cultural College, Cirencester.

1860. JChurch, William Selby, M.A. St. Bartholomew's Hospital,

London, E.C.

1857. t Churchill, F., M.D. 15 Stephen's-qrcen, Dublin.

1868. jClabburn, W^ H. Thoi-pe, Norwich.
1863. JClapham, A. 3 Oxford-street, Newcastle-on-Tyne.
1863. jClapham, Henry. 5 Summerhill-grove, Newcastle-on-Tyne.
1855. §Clapham, Robert Calatdrt. Garsdon House, Garsdon, Newcastle-

on-T}Tie.

1869. §Clapp, Frederick. 44 Magdalen-street, Exeter.

1857. jClarendon, Frederick Yilliers. 1 Belvidere-place, Mountjoy-sqiiare,
Dublin.

Clark, Courtncij K.
1859. JClark. David. Coupar Angus, Fifeshire.

1876. §Clark; David P. Glasgow.
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1876. § Clark, George W. Glasgow.
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1876. §Clark, Dr. John. 138 Bath-street, Glasgow.
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1861. JClay, Charles, M.D. 101 Piccadilly, Mancliester.
•Clay, Joseph Travis, F.G.S. Rastrick, near Brig-house, Yorkshire.

1856. *Clay, Colonel William. The Slopes, Wallasea, Cheshire.
1866. JClayden, P. W. 13 Tavistock-square, London, W.C.
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in Queen's College, Galway. Vicarscroft, Galway.
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§CLrFFORD, WiLLiAir KiNGDON, M.A., F.R.S., Professor of Applied
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*Clifton, R. Bellamy, M.A., F.R.S., F.R.A.S., Professor of Esperi-
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1866. §Close, Thomas, F.S.A. St. James's-street, Nottingham.
1873. JClough, John. Bracken Bank, Keighley, Yorkshire.
1859. jClouston, Rev. Charles. Sandwick, Orkney.
1861. *Clouston, Peter. 1 Park-terrace, Glasgow.
1863. *Clutterback, Thomas. Warkworth, Acklington.
1868. JCoaks, J. B. Thorpe, Norwich.
1855, 'Coats, Sir Peter. Woodside, Paisley.

1855. *Coats, Thomas. Fergeslie House, Paisley.

Cobb, Edward. 20 Park-sti-eet, Bath.
1851, *CoBBOLD, John Chevallieh, Holywells, Ipswich ; and Athemeum

Club, London, S.W.
1864. ICoBBOLD, T. Spencer, M.D., F.R.S., F.L.S., Lecturer on Zoology

aud Comparative Anatomy at the Middlesex Hospital. 42 HfTr-
ley-street, London, W.

1864. 'Cochrane, James Henry, 129 Lower Baggot-street, Dublin.
1854, XCockey, William.

1861. *Coe, Rev. Charles C, F.R.G.S. Highfield, Manchester-road, Bolton,
1865, fCoghill, H. Newcastle-under-Lyme.
1876. §Colbourn, E. Rushton. 5 Marchmont-terrace, HilUiead, Glasoow.
1853. jColchester, William, F.G.S. Grundesburgh Hall, Ipswich, "

1868. jColchester, W. P. Bassingbourn, Royston.
1859. *Cole, Henry Warwick, Q.C. 23 High-street, Warwick.
1876. §Colebrooke, Sir T. E., Bart., M.P., F.R.G.S. 37 South-street, Park-

lane, Loudon, W. ; and Abington House, Abington, N.B.
1860. {Coleman, J. J., F.C.S. 69 St. George's-place, Glasgow.
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Belvedere-road, Upper Norwood, Surrey, S.E.
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Martin's-place, London, W.C,

1865. 'Collins, James Tertius. Churchfield, Edarbaston, Birmingham.
1876. § Collins, J. H., F.G.S. Truro, CornwaU.

"^
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1876. §Coilius, William. 3 Park-teiTaco East, Cilasgow.

Collis, Stephen Edward. Listowel, Ireland.

1868. *Colj!:an, J. J., M.P. Carrow House, Norwicli; and 108 Caunon-
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Colthui'st, John. Clifton, Bristol.
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1864. *Conwell, Eugene Alfi-ed, M.R.I.A. The Model Schools, Cork.
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S.W.

1863. jCooKE, Edwabd William, R.A., F.R.S., F.R.G.S., F.L.S., F.G.S.
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E.G.

18.59. *Cooke,' William Henry, M.A., Q.C., F.S.A. 42 Wimpole-street,
London, W. ; and Rainthorpe Hall, Long Stratton.

1865. JCooksey, Joseph. West Bromwich, Birmingham.
1863. jCookson, N. C. Benwell Tower, Newcastle-on-Tj^ne.

1869. §Cooling, Edwin, F.R.G.S. Mile Ash, Derby.
1.850. jCooPEE, Sir- Henry, M.D. 7 Charlotte-street, Hull.

Cooper, James. 58 Pembridge-villas, Bavswater, London, W.
1875. tCooper, T. T., F.R.G.S. Care of Messrs. lung & Co., Cornhill,

London, E.C.
1868. tCooper, W. J. The Old Palace, Richmond, Sm-rey.

'

1846. JCooper, WiUiam White, F.R.C.S. 19 Berkeley-square, London, W.
1871. jCopelaud, Ralph, Ph.D. Parsonstown, Ireland.

1868. jCopemau, Edward, M.D. Upper King-street, Norwich.
1863. jCoppin, John. North Shields.

1842. Corbett, EdAvard. Ravenoak, Cheadle-hulme, Cheshire.
1855. jCorbott, Joseph Henry, M.D., Professor ofAnatomy and Physiology,

Queen's College, Cork.
1870. *CoRFiELD, W. IL, M.A., M.B., F.G.S., Professor of Hygiene and

Public Health in University College. 10 Bolton-row, Mayfair,
London, W.

Connach, John Rose, M.D., F.JR.S.JE.

Cory, Rev. Robert, B.D., F.C.P.S. Stanground, Peterborough.
Cottam, George. 2 Winsley-street, London, W.

1857. JCottam, Samuel. Brazennose-street, Manchester.
1855. jCotterill, Rev. Henry, Bishop of Edinburgh. Edinburgh.
1874. *Cotterill, J. H.,M.A., Professor of Applied Mechanics. Royal Naval

College, Greenwich, S.E.
1864. §CoTTON, General Fhedeeick C, R.E., C.R.I. 13 Longridge-road

Loudon, S.W.
1869. ICoTTOx, Willi.'. 51. Pennsylvania, E.\et.er.
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*Cotton, Rev. William Charles, M.A. Vicarage, Frodshani; Chesliire.

1876. §Couper, James. City Glass AVorks, Glasofow.

1876. §Couper, James, jim. City Glass Works, Glasgow.
1865. JCourtald, Samuel, F.R.A.S. 70 Laucaster-gate, Loudon, W. ; and

Gosfield Hall, Essex.
1874. §Courtauld, John M. Becking Bridge, Braintree, Essex.
1834. jCowan, Charles. 38 West Register-street, Edinburgh.
1876. §Co'wan, J. B. 159 Bath-street, Glasgow.

Cowan, John. Valleyfield, Peunycuick, Edinbm'gh.
1863. JCowan, John A. Blaydon Bm-n, Durham.
1863. jCowan, Joseph, jun. Blaydon, Durham.
1872. *Cowan, Thomas William. Hawthorn House, Horsham.
1873. *Cowans, John. Cranford, Middlesex.

Cowie, The Very Rev. Benjamin Morgan, M.A., B.D., Dean of Man-
chester. The Deanery, Manchester.

1871. JCowper, C. E. 3 Great George-street, Westminster, S.W.
1860. jCowper, Edward Alfred, M.I.C.E. 6 Great George-street, West-

minster, S.W.
1867. *Cox, Edward. 18 Windsor-street, Dundee.
1867. *Cox, George Addison. Beechwood, Dundee.
1867. fCox, James. Clement Park, Lochee, Dundee.
1870. *Cox, James. 8 Falkner-square, Liverpool.

Cox, Robert. 2-3 Rutland-street, Edinburgh.
1867. *Cox, Thomas Hunter. Duncarse, Dundee.
1867. tCox, William. Foggley, Lochee, by Dundee,
1866. *Cox, William II. 50 Newhall-street, Birmingham.
1871. JCox. William J. 2 Vanbui-gh-place, Leith.

Craig, J. T. Gibson, F.R.S.E. 24 York-place, Edinburgh.
1859. XCi'ttig, S. The WallamJs, Leives, Sussex.

1876. §Cramb, John. Larch Villa, Helensburgh, N.B.
1857. jCrampton, Rev. Josiah. The Rectory, Florence-court, Co. Fermanagh,

Ireland.

1858. JCranage, Edward, Ph.D. The Old Hall, Wellington, Shropshire.
1876. §Crawford, Chalmond, M.P. Ridemon, Crosscar.

1871. *Crawford, William Caldwell. Eagle Foundry, Port Dundas, Glasgow.
1871. JCrawshaw, Edward. Bm-uley, Lancashire.

1870. *Crawshay, Mrs. Robert. Cyfarthfa Castle, Merthyr Tydvil.
1876. *Crewdson, Rev. George. St. George's Vicarage, fiendal.

Creyke, The Venerable Archdeacon. Bolton Percy Rectory, Tad-
caster.

1865. XCrpcker, Echoin, F.C.S. 76 Hungerford-road, Holloicay, London, N,
1858. jCrofts, John. Hillary-place, Leeds.

1859. fCroll, A. A. 10 Coleman-street, London, E.C.
1857. tCrolly, Rev. George. Majmooth College, Ireland.

1855. \Croinpton, Charles, M.A.
•Crompton, Rev. Joseph, M.A. Bracondale, Norwich.

1866. JCronin, William. 4 Brunei-terrace, Nottingham.
1870. jCrookes, Joseph. Marlborough House, Brook Green, Hammersmith,

London, W.
1865. §Ckookes, William, F.R.S., F.C.S. 20 Mornington-road, Regent's

Park, London, N.W.
1855. JCropper, Rev. John. Wareham, Dorsetshire.

1870. jCrosfield, C. J. 16 Alexandra-drive, Prince's Park, Liverpool.
1870. *Crosfield, William, jun. 16 Alexandra-drive, Prince'sPark, Liverpool.
1870. JCrosfield, William, sen. Annesley, Aigburth, Liverpool.
ISGl. jCross, Rev. John Edward, ?.!.A. Appleby Vicarage, near Brigg.
1868. jCrosse, Thomas William. St. Giles's-stroet, Norwich,

c2
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1867. §Crosskey, Rev. H. W., F.G.S. 28 George-road, Edgbaston, Bir-

mingham.
1853. JCrosskill, William, C.E. Beverley, Yorkshire.

1870. *Grossley, Edward, F.R.A.S. Bermerside, Halifax.

1871. JOrossley, Herbert. Broomfield, Halifax.

1860. *Crossley, Louis J., F.M.S. Moorside Observatory, uear Halifax.

1861. §Crowley, Henry. Smedley New Hall, Cheetham, Manchester.

1863. fCruddas, George. Elswick Engine Works, Newcastle-on-Tyne.

1860. JCruickshank, John. City of Glasgow Bank, Aberdeen.

1859. JCruickshank, Provost. Macduff, Aberdeen.

1873. ICrust, Walter. Hall-street, Spalding.

CuUey, Robert. Bank of Ireland, Dublin.

1859. jCumming, Sir A. P. Gordon, Bart. Altyre.

1874. JCumming, Professor. 33 WeUingion-place, Belfast.

1876. §Cunlif, Richard S. Carlton House, Stirling.

1861. *Cunliife, Edward Thomas. The Elms, Handforth, Manchester.

1861. *Cunliffe, Peter Gibson. The Elms, Handforth, Manchester.

1852. JCunningham, John. Macedon, near Belfast.

1869. JCuNNiNGUAM, Professor Robert 0., M.D., F.L.S. Queen's College,

Belfast.

1855. ^Cunningham, William A. Manchester and Liverpool District Bank,
Manchester.

1850. JCunningham, Rev. W'illiam Bruce. Prestonpans, Scotland.

1860. tCunningtou, John. 68 Oakley-square, Bedford New Town, London,

N.W.
1867. *Cursetjee, Manockjee, F.R.S.A., Judge of Bombay. Villa-Byculla,

Bombay.
1357. jCuHTis, Professor Abthur Hill, LL.D. Queen's College, Galway.

1860. I Cusins, Bev. F. L.

1834. *Cuthbert, John Richmond. 40 Chapel-street, Liverpool.

1863. JDaglish, John. Iletton, Durham.
1854. JDaglish, Robert, C.E. Orrell Cottage, near Wigan.
1863. jDale, J. B. South Shields.

18-53. JDale, Rev. P. Steele, M.A. Ilollingfare, Warrington.

1865. JDale, Rev. R. W. 12 Calthorpe-street, Birmingham.
1807. JDalgleish, W Dundee.
1870. XDallinger, Bcv. W. H.

Dalmahoy, James, F.R.S.E. 9 Forres-street, Edinburgh,
1859. JDalrymple, Charles Elphinstone. West Hall, Aberdeenshire.

1859. JDalrymple, Colonel. Troup, Scotland.

Dalton, Edward, LL.D., F.S.A. Dunkirk House, Nailsworth.

*Dalton, Rev. J. E., B.I). Seagrave, Loughborough.
Dalziel, John, M.D. Holm of Drumlanrig, Thornhill, Dumfries-

shire.

1802. JDanby, T. W. Downing College, Cambridge.

1859. jDancer, J. B., F.R.A.S. Old Manor House, Ardwick, Manchester.

1873. XDcmchiU, F. H. Vale Hall, Ilorwich, Bolton, Lancashire.

1870. §Danskeu, John. 4 Eldon-terrace, Partickhill, Glasgow.
1849. *I>anson, Joseph, F.C.S.

1801. *DAnBisHiRK, Robert Dukinfield, B.A., F.G.S. 26 George-street,

Manchester.

1870. §Darling, G. Erskine. 247 West George-street, Glasgovv'.

Darwin, Charles R., M.A., F.R.S., F.L.S., F.G.S., Hon. F.R.S.E.,
and M.R.I.A. Down, near Bromley, Kent.

1848. tDaSilva, Johnson. Burntwood, Wandsworth Common, London,
G.W.
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1872. §Dayenport, .lohn T. G4 Marine Parade, Brighton.

Davey, llichard, F.G.S. Redruth, Cornwall.

1870. JDavidson, Alexander, M.D. 8 Peel-street, Toxteth Park, Liverpool.

1859. JDavidson, Charles. Grove House, Auchmull, Aberdeen.

1871. §Davidson, James. Newbattle, Dalkeith, N.B.

1859. JDavidson, Patrick. Inchmarlo, near Aberdeen.

1872. JDavidson, Thomas, F.E.S., F.G.S. 3 Leopold-road, Brighton.

1868. X^avie, Rev. W. C.

1875. JDavies, David. 2 Queen's-square, Bristol.

1870, JDavies, Edward, F.C.S. Eoyal Institution, Liverpool.

1863. f7)rtwVs, Griffith. 17 Clouchslei/street, Islington, London, N.

Davies, John Birt, M.D. The Laurels, Edgbaston, Birmingham.

1842. Davies-Colley, Dr. Thomas. 40 Whitefriars, Chester.

1873. *Davis, Alfred. Sun Foundry, Leeds.

1870. *Davis, A. S. Eoundhav Villa, Leckhampton-road, Cheltenham.

1864. {Davis, Charles E., F.S.A. 55 Pulteney-street, Bath.

Davis, Eev. David, B.A. Lancaster.

1873. *Davis, James W. Albert House, Greetland, near Halifax'.

1856. *'Davis, Sir John Fbancis, Bart., K.C.B., F.R.S., F.E.G.S. Holly-

wood, Westbury by Bristol.

1859. JDavis, J. Babnabd, M.D., F.E.S., F.S.A. Shelton, Hanley, Staf-

fordshire.

1859. *Davis, Richard, F.L.S. 9 St. Helen 's-place, London, E.C.

1873. JDavis, AVilliam Samuel. 1 Cambridge-villas, Derby.

1864. *Davison, Eichard. Beverley-road, Great Driffield, Yorkshire.

1857. JDavy, Edmund W., M.D.' Kimmage Lodge, Eoundtown, near

Dublin.

1869. JDaw, John. Mount Radford, Exeter.

1869. jDaw, R. M. Bedford-circus, Exeter.

1854. *Dawbam, William. Elmswood, Aigburth, Liverpool.

Dawes, John Samuel, F.G.S. Lappel Lodge, Quinton, near Bir-

mingham.
1860. *Dawes, John T., jun. Perry Hill House, Quinton, near Birming-

ham.
1864, JDawkins, W. Boyd, M.A., F.R.S., F.G.S., F.S.A, Birchview, Nor-

man-road, Rusholme, Manchester.

1865, XBaivsoii, Gcorc/e, M.A. Shemtone, Lichjiehl.

Dawson, John. Barley House, Exeter.

1855. JDawson, John W., M.A., LL.D., F.R.S., F.G.S., Principal of M'Gill

College, Montreal, Canada.

1859. *Dawson, Captain William G. Plumstead Common-road, Kent,

S.E.

1871, JDAy, St, John Vincent, C.E., F.E.S.E, 166 Buchanan-street,

Glasgow.

1870. §Deacon, G. F., M.LC.E. Rock Ferry, Livei;pool.

1861. JDeacon, Henry, Appleton House, near Warrington.

1870, XDeacon, Hmry Wade.

1859, JDean, David. " Banchory, Aberdeen,

1861, JDeau, Henry, Colne, Lancashire.

1870, 'Deane, Eev. George, D.Sc, B.A., F.G.S. Moseley, Birmingham.

1866, JDebus, Heinhich, Ph.D., F.E.S., F.CS, Lecturer on Chemistry

at Guy's Hospital, London, S.E.

1854, *Db La Eue, Waheen, D.C.L., Ph.D., F.E.S., F.C.S., F.E.A.S.

73 Portland-place, London, W,
1870. {De Meschin, Thomas, M,A., LL.D. 3 Middle Temple-lane, Tem-

ple, London, E.C.

Dencnar, John, Momingside, Edinburgh,



22 LIST OF MEMBERS.
Year of
Election.

1875. SDenny, William. Seven Sliip-yarcl, Diimbarton.
Dent, WiUiam Yerbury. Royal Ai-senal, Woolwich.

1870. *Deutou, J. Bailey. 22 Whitehall-place, London, S.W.
1874. §De Raxce, Charles E., F.CI.S. 28 Jermyn-street, London. S.W.
1856. *Debby, The Right Hon. the Earl of, LL.D.^F.R.S., F.R.G.S.' 2-3 St.

James's-sc^uare, London, S.W. ; and Knowsley, near Liver-
pool.

1874. *Derham, Walter, B.A., F.G.S. Henleaze Park, Westbiiry-on-Trym,
Bristol.

Be Saumarcz, Rev. IlavUland, 31.A. St. Peter's Rectory, Northampton
1870. JDesmoud, Dr. 44 Irvine-street, Edge Hill, Liverpool.
1868. |Dess4, Etheldred, M.B., F.R.G.S. 43 Kensington Gardena-square,

Bayswater, London, W.
De Tabley, George, Lord, F.Z.S. Tabley House, Knutsford,

Cheshire.

1869. tDEVojf, The Right Hon. the Earl of, D.C.L. Powderham Castle,
near Exeter.

*DEVONSHinE, His Grace the Duke of, K.G., M.A., LL.D., F.R.S.,
F.G.S., F.R.G.S., Chancellor of the University of Cambrido-e!
Devonshire House, Piccadilly, • London, W. ; and Chatsworth,
Derbyshire.

1868. JDewar, James, M.A., F.R.S.E., Fullerian Professor of Chemistry
in the Royal Institution, London, and .lacksonian Professor of
Natural Philosophy in the University of Cambridge. Cambiido-e.

1872. JDewick, Rev. E. S. The College, Eastbourne, Sussex.
187.3. *Dew-Smith, A. G. 7a Eaton-square, London, S.W.
1858. JDibb, Thomas Townend. Little Woodhouse, Leeds.
1852. JDickie, Geohge, M.A., M.D., F.L.S., Professor of Botany in the

University of Aberdeen.
1864. *Dickinson, F. H., F.G.S. King-^veston, Somerton, Taunton; and 121

St. George 's-square, London, S.W.
1863. JDickinson, G. T. Claremont-place, Newcastle-on-TjTie.
1881. 'Dickinson, William Leeson. Halam, near Southwell, Nottingham-

shire.

1807. JDTCKyox, Alexander, M.D., Professor ofBotany in the University of
Glasgow. 11 Royal-circus, Edinburgh.

1876. §Dickson, Gavin Irving. .37 West George-street, Glasgow.
1862. *DiLKE, Sir Charles Wentworth, Bart., M.P.,''f.R.G.S. 76

Sloane-street, London, S.W.
1848. JDiLLWYx, Lewls Llev.'elyx, M.P., F.L.S.,F.G.S. Parlnvern near

Swansea.
1872. §Dines, George. Woodside, Hersham, Walton-on-Thames.
1809. JDingle, Edward. 19 King-street, Tavistock.
1859. *Dingle, Rev. J. Lanchester Vicarage, Durham.

}Tn^'
|j^j<^'^^fi^l<i' Ai-thur. 12 Taviton-street, Gordon-square, London, W.C.

1868. JDittmar,'-W. Andersonian University, Glasgow.
1874. *Dixon, A. E. Dunoweu, Cliftonville; Belfast.

no^?'
t?,i^o°' Edward, M.I.C.E. Wilton House, Southampton.

180o. XBixon, L.
1861. tDixox, AY. Hepworth, F.S.A., F.R.G.S. 6 St. James's-terrace.

Kegeut's-park, London, N.W.

nnr-,
*5°J^l3in, Leonard, M.R.LA. 27 Gardiner's-place, Dublin.

??S" ln°u^'°\^'V™x,*^?7^ V^^-^ M.R.LA. Ballfvor, Kells, Co. Meath.

if^?" *S°v^'' ^JL-jl^i^^ld Edward, M.A. 34 Westbourne Park, London, W.
1864. *Dobson, Wilham. Oakwood, Bathwick HiU, Bath.

Dochray, Benjamin.
1875. *Docwi-a, George, jun. Grosvenor-road, Handsworth, Birmingham.
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1870. *Dodd, John. Thomas-street, Liverpool.

1874. XDodd, W. II., M.A. Mmmtjoy-street, Dublin.

1876. JDodds, J. M. lo Sandyford-place, Glasgow.

1857. t^odds, Thomas IF., C.K Rotherham.

•Podsworth, Benjamin. Burton House, Scarborough.

*i)odsworth, George. The Mount, York.
Dolphin, John. Delves House, Berrv Edge, near Gateshead.

1851. tBomvile, William C, F.Z.S. Thorn Hill, Bray, Dublin.

1867. |Dou, John. The Lodge, Broughty Ferry, by Dundee. '

1867. JDon, William G. St. Margaret's,'Broughty Ferry, by Dundee.

1873. {Donham, Thomas. Huddersfield.

1869. JDonisthorpe, G. T. St. Da\dd's Hill, Exeter.

1871. XDonhin, Arthur Scott, M.D. Sunderland.

1874. JDounell, Professor, M.A. 28 Upper Sackville-street, Dublin.

1861. JDonnelly, Captain, R.E. South Kensington Museum, London, W.
1857. *DoNNELLY, William, C.B., Registrar-General for Ireland. Charle-

mont House, Dublin.

1857. JDonovan, M., M.R.I.A. Clare-street, Dublin.

1867. JDougall, Andrew Maitland, R.N. Scotscraig, Tayport, Fifeshire.

1871. fDougall, John, M.D. 2 Cecil-pkce, Paisley-road, Glasgow.

1863. *Bou(jhtij, C. Montagii:

1876. *Douglas, Rev. G. C. M. 10 Fitzroy-place, Glasgow.

1855. JDo^^;, Hector. Rose Cottage, Trinity, near Edinburgh.

1870. JDowie, J. M. Walstones, West Kirby, Liverpool.

1876. §Dowie, Mrs. Muir. Walstones, West Kirby, Liverpool.

DownaJl, Rev. John. Okehamptou, Devon.
1857. JDowNiNG, S., LL.D., Professor of Civil Engineering in the University

of Dublin. Dublin.

1872. *Dowson, Edward, M.D. 117 Park-street, London, W.
1865. *Dowson, E. Theodore. Geldeston, near Beccles, Suffolk.

1868. §Dbessee, Henry E., F.Z.S. 6 Tenterden-street, Hanover-square,

London, W.
1873. §Drew, Frederick, LL.D., F.G.S. Claremont-road, Surbiton.

1869. §Drew, Joseph, LL.D., E.R.A.S., F.G.S. Weymouth.
1865. JDrew, Robert A. 6 Stanley-place, Duke-street, Broughton, Man-

chester.

1872. *Druce, Frederick. 27 Oriental-place, Brighton.

1874. JDruitt, Charles. Hampden-terrace, Rugby-road, Belfast.

1859. XDrummond, Robert. 17 Stratton Street, London, W.
1866. *Dry, Thomas. 23 Gloucester-road, Regent's Park, Loudon, N.W.
1863. XDryden, James. Soidh Hemrell, Northumberland.

1870. §Drvsdale, J. J., M.D. 36a Rodney-street, Liverpool.

1856. *DuciE, The Right Hon. Henry John Reynolds Moreton, Earl

of, F.R.S., F.G.S. 16 Portmau-square, London, W. j and Tort-

worth Court, Wotton-under-Edge.
1870. JDuckworth, Henry, F.L.S., F.G.S. 5 Cook-street, Liverpool.

1867. *DuFF, MouNTSTUAHT EpHiNSTONE Gbant-, LL.B., M.P. 4 Queen's

Gate-gardens, South Kensington, Lo:i {!::!, W. ; and Edeu, near

Banff, Scotland.

1852. JDufferiu and Claneboye, The Right Hon. the Earl of, K.P., K.C.B.,

F.R.S. Government House, Ottawa, Canada.

1875. §Duffin, C. L'Estrauge, C.E. Rathkeale, Co. Limerick.

1859. *Duncau, Alexander. 7 Prince's-gate, London, S.W.
]859. JDuucan, Charles. 52 Union-place, Aberdeen.

1866. *Dimcau, James. 7i Cromwell-road, South Kensington, London, W.
Dimcan, J. F., jNI.D. 8 Upper Merrion-street, Dublin.

1871. {Duncan, James Matthew, M.D. 30 Charlotte-square, Edinbui'gh.
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1867. JDuNCAN, Peter Maetin, M.B.,F.R.S.,F.G.S., Professor of Geolop-y
in King's College, London. 99 Abbey-road, St. John's Wood,
London, N.W.

Dimlop, Ale.vancfer. C'loher, Milnffavie, near Glasgoiv.

1853. *Diinlop, William Henry. Annanhill, Kilmarnock, Ayrshire.
1865. JDmin, David. Annet House, Skelmorlie, by Greenock, N.B,
1876, *Dunn, James. 64 Eobertson-street, Glasgow.
1862. §DuNN, PvOBEiiT, F.ll.C.S. 31 Norfolk-street, Strand, London, W.C,
1876. §Duunachie, James. 2 West Regent-street, Glasgow.

Dunnington-Jefferson, Rev. Joseph, M.A., F.C.P.S. Thicket Hall,
York.

1859. JDuns, Rev. John, D.D., F.R.S.E. New College, Edinburgh.
1866. JDuprey, Perr3^ Woodbury Down, Stoke Newingion, London, N.
1869. JD'Urban, W. S. M., F.L.S. 4 Queen-terrace, Mount Radford,

Exeter.

1860. JDuEHAM, Abthub Edward, F.R.C.S., F.L.S., Demonstrator of
Anatomy, Guy's Hospital. 82 Brook-street, Grosvenor-square,
London, W.

Dykes, Robert. Kilmorie, Torquay, Devon.
1869. §Dyraoud, Edward E. Oaklands, Aspley Guise, Wobum.

1868. lEade, Peter, M.D. Upper St. Giles's-street, Norwich.
1861. :l:Eadsou, Richard. 13 Hyde-road, Manchester.
1864. XEarIc, JRcv. A.

*Earnshaw, Rev. Samuel, M.A. 14 Broomfield, Sheffield.

1874. §Eason, Charles. 30 Kenilworth-square, Rathgar, Dublin.
1871. *Easton Edavard. 7 Delahay-street, Westminster, S.W.
1863. §Easton, James. Nest House, near Gateshead, Dm'ham.
1876. §Easton, John, C. E. Duiie House, Abercrombv-street, Helensburgh,

N.B.
Eaton, Rev. George, M.A. The Pole, Northwich.

1870. §Eaton, Richard. Basford, Nottingham.
Ebden, Rev. James Collett, M.A., F.R.A.S. Great Stukeley Vicai'age,

Huntingdonshire.
1867. XEckerslcy, James.

1861. JEcroyd, William Farrer. Spring Cottage, near Burnley,
1858. *Eddison, Francis. Martinstown, Dorchester.

1870. *Eddison, Dr. John Edwin. 29 Park-square, Leeds.
*Eddy, James Ray, F.G.S. Carleton Grange, Skipton.
Eden, Thomas. Talbot-road, Oxton.
*Edgeworth, Michael P., F.L.S., F.R.A.S. Mastrim House,

Anerley, London, S.E.
1855. JEdmiston, Robert. Elmbank-crescent, Glasgow.
1859. JEdmond, James. Gardens Haugh, Aberdeen.
1870. *Edmonds, F. B. 8 York-place, Northam, Southampton.
1867. *Edward, Allan. Farington Hall, Dundee.
1867. JEdwai-d, Charles. Chambers, 8 Bank-street, Dundee.
1867. JEdward, James. Balruddery, Dundee.

Edwards, John.

1855. *Edwaeds, Professor J. Bakee, Ph.D., D.C.L. Montreal, Canada.
1867. JEdwards, William. 70 Princes-street, Dundee.

*Egerton, Sir Philip de Malpas Grey, Bart., M.P., F.R.S., F.G.S.
Oulton Park, Tarporley, Cheshire.

1859. *Eisdale, David A., M.A. 38 Dublin-street, Edinburgh.
1873. JElcock, Charles. 39 Lyme-street, Shakspere-street, Ardwick, Man-

chester.

1876. §Elder, Mrs. 6 Claremont-ten-ace, Cilasgow.
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1868. lElger, Thomas Gwyn Empv, F.R.A.S. St. Mary, Eedford.

Ellacomlbe, Rev. H. T., F.8.A. Clyst, St. George, Topsliam, Devon.
1863. JElleuberger, J. L. Worksop.
1855. §Elliot, Robert, F.B.S.E. Wolfelee, Hawick, N.B.
1861. *Elliot, Sir Waltee, K.C.S.I., F.L.S. Wolfelee, Hawick, N.B.
1864. JElliott, E. B. Washington, United States.

1872. JElliott, Rev. E. B. 11 Sussex-square, Kemp Town, Brighton.

Elliott, John Fogg. Elvet Hill, Durham.
1864. *Ellis, Alex.\ndeb John, B.A., F.R.S., F.S.A. 25 Argyll-road,

Keusinglon, London, W.
1877. §Ellis. Arthur Devonshire. School of Mines, Jermyn-slreet, London,

S.W. ; and Thumscoe Hall, Rotherham, Yorkshire.

1875. *Ellis, H. D. Fair Park House, Exeter.

1859. JEllis, Heney S., F.R.A.S. Fair Park, Exeter.

1864. *Ellis, Joseph. Hampton Lodge, Brighton.

1864. JEllis, J. Walter. High House, Thornwaite, Ripley, Yorkshire.

*Ellis, Rev. Robert, A.M. The Institute, St. Saviour's Gate,

York.
1874. *Ellis, Sydney. The Newarke, Leicester.

1869. JEUis, William Horton. Pennsylvania, Exeter.

Ellman, Rev. E. B. Berwick Rectorj^, near Lewes, Sussex.

1862. |Elphin,stone, H. W., M.A., F.L.S. Cadogan-place, London, S.W.
Eltoft, William.

1863. JEmbleton, Dennis, M.D. Northumberland-street, Newcastle-on-
Tyne.

1863. JEmery, Rev. W., B.D. Corpus Christi College, Cambridge.
1858. JEmpson, Christopher. Bramhope Hall, Leeds.
1866. JEniield, Richard. Low Pavement, Nottingham.
1866. JEnfield, "V^'illiam. Low Pavement, Nottingham.
1871. XEngehon, T. 11 rorthmcl-terracc, Ecgerifs Park, Lcmhn, N.W.
1853. JEnglish, Edgar Wilkins. Yorkshire Banking Company, Lowgate,

Hull.

1869. JEnglish, J. T. Stratton, Cornwall.
Enniskillen, The Right Hon. Williaji AVilloughby, Earl of,

D.C.L., F.R.S., M.R.I.A., F.G.S. 65 Eatou-place, London,
S.W. ; and Florence Court, Fermanagh, Ireland.

1869. JEusor, Thomas. St. Leonards, Exeter.
1869. *Enys, John Davis. .33 Cambridge-terrace, Hyde Park, London, W.
1844. tErichsen, John Eric, F.R.S., F.R.C.S., Professor of Clinical Surgery

in University College, London. 9 Cavendish-place, London, W.
1864. *Eskrigge, R. A., F.G.S. 18 Hackins-hey, Liverpool.

1862. *EssoN, William, M.A., F.R.S., F.C.S., F.R.A.S. Merton College
;

and 1 Bradmore-road, Oxford.
Estcourt, Rev. W. J. B. Long Newton, Tetbury.

1869. JEtheeidge, Roleet, F.R.S.L. & E., F.G.S., Palceontologist to the
Geological Survey of Great Britain. Museum of Practical
Geology, Jermyn-street; and 19 Halsey-street, Cadogan-place,
London, S.W.

1870. *Evans, Arthur John, F.S.A. Nash Mills, Hemel Hempstead.
1865. *EvANS, Rev. Chaeles, M.A. The Rectory, Solihull, Birmingham
1872. *Lvans, Frederick J., C.E. Clayponds, Brentford, Middlesex, W.
1876. §EvANS, Captain Feedeeick J. 0., C.B., R.N., F.R.S., F.R.A.S.,

F.R.G.S., Hydrographer to the Admiralty. 116 Victoria-street,

Westminster, S.W.
1869. *Evans, H. Saville W. Wimbledon Park House, Wimbledon,

S.W.
1861. *EvAN.s, John, F.R.S., F.S.A., F.G.S. 65 Old Bailey, London,

E.C. ; and Nash Mills, Hemel Hempstead.
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1876. §Evans, Mortimer, C.E. 97 West Regent-street, Glasgow.
1865. JEvANS, Sebastian, M.A., LL.D. Highgate, near Birmingham.
1875. JEvans, Sparke. 3 Apsley-road, Clifton, Bristol.

1866. JEvans, Thomas, F.G.S. 'Belper, Derbyshire.

1865. *Evaus, "William. EUerslie, Augustus-road, Edgbaston, Birmingham.
1871. §Eve, H. AV. Wellington College, Wokingham, Berkshire.

1868. *EvEEETT, J. D., D.C.L.,F.R.S.E., Professor of Natural Philosophy iji

Queen's College, Belfast. Rushmere, Malone-road, Belfast.

1863. *Everitt, George Allen, F.R.G.S. Knowle Hall, Warwickshire.
1874. JEwart, William. Gleumachau, Belfast.

1874. JEwart, W. Quartus. Glenmachan, Belfast.

1859. *Ewing, Ai'chibald Orr, M.P. Ballikim-aiu Castle, Killeani, Stirling-

shire.

1876. *Ewing, James Alfred. 22 India-street, Edinburgh.
1871. *Exley, John T., M.A. 1 Cotham-road, Bristol.

1846. *Eyre, George Edward, F.G.S., F.R.G.S. 59 Lowndes-smiare,
London, S.W. ; and Warren's, near Lyndhurst, Hants.

1866. JEyre, Major-General Sir Vincent, F.R.G.S. Atheureum Club,
Pall Mali, London, S.W.

_

Evton, Charles. Hendred House, Abingdon.
1849. JEyton, T. C. Eyton, near Wellington, Salop.

1842. Fairbaim, Thomas. Manchester.
1865. JFairley, Thomas, F.R.S.E. 8 Newton-gi-ove, Leeds.
1870. JFairlie, Robert, C.E. Woodlands, Clapham Common, London, S.W.
1864. JFalkner, F. H. Lyncombe, Bath.
1859. JFarquharson, Robert 0. Houghton, Aberdeen.
1861. §Farb, William, M.D., D.C.L., F.R.S., Superintendent of the FUatis-

tical Department, General Register Office, London. Southlands,
Bickley, Kent.

1866. *FAnnAi!, Rev. Fhederick William, D.D., F.R.S., Canon of West-
minster. St. Margaret's Rectory, Westminster, S.W.

1857. JFarrelly, Rev. Thomas. Royal College, Maynooth.
1869. *Faulconer, R. S. Fairlawn, Clarence-road, Clapham Park, London,

S.W.
1869. *Faulding, Joseph. The Grange, Greenliill Park, New Baraet,

Herts.

1869. IFaulding, W. F. Didsbury College, Manchester.
1859. *Fawcett, Henry, M.A., M.P., Professor of Political Economy in the

University of Cambridge. 51 The Lav>'n, South Lambeth-road,
London, S.W. ; and 8 Trumpington-street, Cambridge.

1863. JFawcus, George. Alma-place, North Shields.

1873. *Fazakerlcv, Miss. The Castle, Denbigh.
1845. JFelkin, William, F.L.S. The Park, Nottingham.

Fell, John B. Spark's Bridge, Ulverston, Lancashire.
1864. §Fellows, Frank P., F.S.A., F.S.S. 8 The Green, Hampstead,

London, N.W.
1852. JFenton, S. Greame. 9 College-square ; and Keswick, near Belfast.

1876. *Fergus, Andrew, M.D. 3 Elmbank-crescent, Glasgow.
1876. §Ferguson, Alexander A. 11 Grosvenor-terrace, Glasgow.
1859. jFerguson, John. Cove, Nigg, Inverness.

1871. *Ferguson, John, M.A., Professor of Chemistry in the University of
Glasgow.

1867. tFerguson, Robert M., Ph.D., F.R.S.E. 8 Queen-street, Edinburgh.
1857. JFerguson, Samuel. 20 North Great George-street, Dublin.
1854. JFerguson, William, F.L.S. , F.G.S. Kinmundy, near Mintlaw,

Aberdeenshire.
1867. *Fergusson, H. B. 13 Airlie-place, Dundee.
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1863. *Febnie, John. Bonclim-ch, Isle of Wight.
1862, JFereebs, Rev. N. M., M.A. Caius College, Cambridge.
1873. JFerrier, David, M.A., M.U., F.R.S., Professor of Forensic Medicine

in King's College. 16 Upper Berkelej'-street, London, W.
1875. JFiddes, "Walter. Clapton Villa, TyndaU's Park, Clifton, Bristol.

1868. {Field, Edward. Norwich.
1869. 'Field, RoGF.ns, B.A., C.E. 5 Cannon-row, Westminster, S.W.
1876. §Fielden, James. 2 Darnley-street, PoUokshields, near Glasgow.

Fielding, G. H., M.D.
1864. JFinch, Frederick George, B.A., F.G.S, 21 Crooms-hill, Greenwich,

S.E.

Finch, John. Bridge Work, Chepstow,
Finch, John, juu. Bridge Work, Chepstow.

1863. XFinney, Samuel.

1868. JFirth, G. W. W, St. GUes's-street, Noi-wich,

Firth, Thomas. Northwick.
1863, *Fii-th, William. Bm-lcy Wood, near Leeds.

1851. *FiscHER, William L. F., M.A., LL.D., F.R.S., Professor of Mathe-
matics in the University of St. Andrews. St. Andi'ews, Scotland.

1858, {Fishbom-ne, Captain E. G., R.N, 6 Welamere-terrace, Padding-
ton, London, W,

1869. fFiSHEE, Rev. Osmond, M.A., F.G.S, Harlston Rectory, near Cam-
bridge.

1873. §Fisher, AVilliam. Maes Fron, near Welshpool, Montgomeryshire.
1875. *Fisher, W. W., M.A., F.C.S. 2 Park-crescent, Oxford.

1858, {Fishwick, Henry. Carr-hill, Rochdale.
1871. 'Fison, Frederick W., F.C.S. Eastmoor, Ilkley, Yorkshire.

1871. §FiTCH, J. G., M.A. 5 Lancaster-terrace, Regent's Park, London,
N.AV,

1868. tFitch, Robert, F.G.S., F.S.A. Norwich,
1857. jFitzgerald, The Right Hon. Lord Otho. 13 Dominick-street, Dublin,

1857, IFitzpatrick, Thomas, M.D. 31 Lower Bagot-street, Dublin.

Fitzwilliam, Hon. George Wentworth, F.R.G.S. 19 Grosvenor-

square, London, S.W. ; and Wentworth House, Rotherham.
1865. ^Fleetwood, D. J. 45 George-street, St. Paul's, Binuingham.

Fleetwood, Sir Peter Hesketh, Bart. Rossall Hall, Fleetwood,
Lancasliire.

1850. JFleming, Professor Alexander, M.D. 121 Hagley-road, Birmingham.
Fleming, Christopher, M.D. Merrion-square North, Dublin,

1876. §Fleming, James Brown. Beaconsfield, Kelvinside, near Glasgow.
Fleming, John G., M.D. 155 Bath-street, Glasgow,

1876. §Fleming, Sandford. Ottawa, Canada.
'Fleming, William, M.D. Rowton Grange, near Chester,

1867. §Fletcher, Alfbed E. 21 Overton-street, Liverpool.

1870. {Fletcher, B. Edgington, Norwich,
1853, JFletchee, Isaac, M.P., F.R.S., F.R.A.S., F.G.S, Tarn Bank,

Workington,
1869. {Fletcheb, Lavington E., C.E. 41 Corporation-street, Manchester,

Fletcher, T. B. E., M.D. 7 Waterloo-street, Birmingham.
1862, {Floweb, William Henry, F.R.S., F.L.S., F.G.S., F.R.C.S., Hun-

terian Professor of Comparative Anatomy, and Conservator of

the Museum of the Royal College of Surgeons. Royal College

of Surgeons, Lincoln's-Inn-fields, London,- W.C.
1867. {Foggie, William. Woodville, Maryfield, Dundee.
1854, *Fobbes, David, F.R.S., F.G.S., F.C.S. 11 York-place, Portmau-

square, London, W,
1873. *Forbes, Professor George, M.A., F.R.S.E. Andersonian University,

Glasgow.
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1855, |Forbes, Rev. Jolin. STOiingtou Manse, Biggar, Scotland.
Ford, H. R. Moreconibe Lodge, Yealand Conyers, Lancashire.

1866. |Ford, William. Hartsdown Villa, Kensington Park-gardens East,
London, W.

1875. *FoEDiiAM, H. George, F.C4.S. Odsey, near Royston, Herts.
*Forrest, William Hutton. The Terrace, Stirling.

1867. JForster, Anthony. Finlay House, St. Leonard's-on-Sea.
1858. FonsTER, The Right Hon. William Edward, M.P., F.R.S. 80 Ec-

cleston-square, London, S.W. ; and Wharfeside, Burley-in-
Wharfedale, Leeds.

1871. XForsyth, WilUctm F.
1854. *Fort, Richard. Read Hall, Whalley, Lancashire.
1870. {Forwood, William B. Hopeton House, Seaforth, Liverpool.
1875. JFoster, A. Le Neve. East Hill, Wandsworth, Surrey, S.W.
1865. JFoster, Balthazar W., M.D. 4 Old-square, Binuinghani.
1866. *FosTER, Clement Le Neve, B.A., D.Sc, F.G.S. Truro, Corn-

wall.

1857. *Foster, George Carey, B.A., F.R.S., F.C.S., Professor of Physics
in University College, London. 12 Hilldrop-road, London, N.

*Foster, Rev. John, M.A. The Oaks Vicarage, Loughborough.
1845. JFoster, John N. Sandv Place, Sandv, Bedfordshire.
1859. *Fo,STER, Michael, M.A., M.D., FIR.S., F.L.S., F.C.S. Trinity

College, and Great Shelford, near Cambridge.
1859. §FosTER, Peter Le Neve, M.A. Society of Arts, Adelphi, Loudon,

W.C.
' f

'
»

187.3. tFoster, Peter Le Neve,jun. Societvof Arts, Adelphi, London, W.C.
1863. JFoster, Robert. 30 Rve-hill, Newcastle-upon-Tyne.
1859. *Foster, S. Lloyd. Old Park Hall, Walsall, Staflbrdshire.
1873. *Foster, William. Harrowins House, Queensbury, Yorkshire.
1842. Fotherr/iU. Benjamin. 10 The Grove, Boltons, West Brompton,

London, S. W.
1870. JFoulger, Edward. 55 Kirkdale-road, Liverpool.
1866. §Fowler, George. Basford Hall, near Nottingham.
1868. JFowler, G. G. Gunton Hall, Lowestoft, Sufiblk.
1856. JFowler, Rev. Hugh, M.A. College-gardens, Gloucester.
1876. §Fowler, John. 4 Gray-street, Glasgow.
1870. *Fowler, Robert Nicholas, M.A ., F.R.G.S. 50 Cornhill, London, E.C.
1868. JFox, Colonel A. H. Lane, F.R.S., F.G.S.,F.S.A. Guildford, Surrey.
1842. *Fox, Charles. Trebah, Falmouth.

*Fox, Rev. Edward, M.A. The \^icarage, Romford, Essex.
1876. §Fox, G. S. Lane. 9 Sussex-place, London, S.W.

*Fox, Joseph Hayland. The Cleve, Wellington, Somerset.
1860. JFox, Joseph John. Church-row, Stoke Newington, London, N.

Fox, Robert Were, F.R.S. Penjerrick, Falmouth.
1866. *Francis, G. B. Inglesbv House, Stoke Newington-green, London, N.

Francis,WiLLiAM,Ph.l)., F.L.S., F.G.S., F.R.A.S. Red Lion-court,
Fleet-street, London, E.C; and Manor House, Richmond,
Surrey.

1846. JFrankland, Edward, D.C.L., Ph.D., F.R.S., F.C.S., Professor of
Chemistry in the Royal School of Mines. 14 Lancaster-gate,
London. W.

*Frankland, Rev. Marmaduke Charles. Chowbent, near Manchester.
1859. JFraser, George B. 3 Airlie-place, Dundee.

Eraser, James. 25 Westland-row, Dublin.
Eraser, James William. 8a Kensington Palace-gardens, London, W.

1865. *Fraser, John, M.A., M.D. Chapel Ash, Wolverhampton.
1871. JFraser, Thomas R., M.D., F.R.S.E. 3 Grosvenor-street, Edinburgh.
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1870. §Fraser, Rev. William, LL.D. Free Middle Manse, Paisley.
1859. *Frazer, Daniel. 113 Buchanan-street, Glasgow.
1871. JFrazer, Evan L. R. Brunswick-ten-ace, Spring Bank, Hull.
1860. JFreeborn, Richard Fernandez. 38 Broad-street, Oxford.
1847. *Freeland, Humphrey William, F.G.S. West-street, Chichester,

Sussex.

18G5. JFreeman, James. 15 Francis-road, Edgbaston, Birmingham.
Frere, George Edward, F.R.S. Roydon Hall, Diss, Norfolk.

1809 "^ ™ ^- ' " ••
-

1869
Fripp, George, D., M.D.

1857. *Frith, Richard Hastings O.E., M.R.I.A., F.R.G.S.I. 48 Summer-
hill, Dublin.

1869. JFrodsham, Charles. 26 Upper Bedford-place, Russell- square, Lon-
don, W.C.

1847. JFrost, William. Wentworth Lodge, Upper Tulse-hill, London, S.W.
1860. *FiiouDE, AViLLiAM, M.A., C.E., F.R.S. Chelston Cross, Torquay.
1875. JFiy, F. J.

_
104 Pembroke-road, Clifton, Bristol.

Fry, Francis. Cotham, Bristol.

1875. *Fry, Joseph Storrs. 2 Charlotte-street, Bristol.

Fry, Richard. Cotham Lawn, Bristol.

1872. *Fuller, Rev. A. Ichenor, Chichester.

1873. XFuller, Claude S., H.K 44 Hollund-road, Kensington, London, W.
1859. JFuller,_Fbedebick:, M.A., Professor of Mathematics in the Uni-

versity and King's College, Aberdeen.
1869. JFuLLEB, Geobge, C.E., Professor of Engineering in Queen's College,

Belfast. 6 College-gardens, Belfast.

1864. *Fumeaux, Rev. Alan. St. German's Parsonage, Cornwall.

*Gadesden, Augustus William, F.S.A. Ewell Castle, Surrey.
1857. JGages, Alphonse, M.R.I.A. Museum of Irish Industry, Dublin.
1863. *Gainsford, W. D. Richmond Hill, ShelReld.

1876. §Gairdner, Charles. Mount ^'ernon, Shettleston, N.B.
1850. iGairdner, Professor W. T., M.D. 225 St. Vincent-street, Glasgow.
1861. JGalbraith, Andi-ew. Glasgow.

Galbbaith, Rev. J. A., M.R.I.A. Trinity College, Dublin.
1867. JGale, James M. 33 Miller-street, Glasgow.
1863. JGale, Samuel, F.C.S. 338 Oxford-street, London, W.
1876. §Gall, James M. 23 Miller-street, Glasgow.
1861. JGalloway, Charles John. Knott Mill Iron Works, Manchester.
1861. JGalloway, John, jun. Knott Mill Iron Works, Manchester.
1875. §Gallowav, W., H.M. Inspector of Mines. Cardiff.

1860, *Gai.ton, Captain Douglas, C.B., D.C.L., F.R.S., F.L.S., F.G.S.,
F.R.G.S. (Genebal Sechetaby.) 12 Chester-strect,Grosveuor-
place, London, S.W.

1800. *Galton, Fbancis, F.R.S., F.G.S., F.R.G.S. 42 Rutland-gate,
Knightsbridge, London, S.W.

1869. JGalton, John C, M.A., F.L.S. 13 Margaret-street, Cavendish-
square, London, W.

1870. §Gamble, Lieut.-Col. D. St. Helen's, Lancashire.
1870. 'Gamble, John G., M.A. 10 Vyvyan-terrace, Clifton, Bristol; and

Albion Plouse, Rottiugdean, Brighton.
1868. tGAMCxEE, Abthub, M.D., F.R.S., F.R.S.E. Owens College, Man-

chester.

1862 SGabneb, Robebt, F.L.S. Stoke-upon-Trcnt.
18(35, §Garner, Mrs. Robert. Stoke-upon-Treut,
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1842. Gamett, Jeremiah. Warren-street, Manchester.
1873. JQarnham, John. 123 Bunhill-row, London, E.G.
1874. *Garstin, John Eibton, M.R.I.A., F.S.A. Greenhill, KUliney, Co.

Dublin.

1870. JGaskell, Holbrook. Woolton Wood, Liverpool.

1870. *Gaskell, Holbrook, jiin. Mayfield-road, Aigburth, Liverpool.
1847. *Gaskell, Samuel. Windham Club, St. James's-square, London, S.W.
1842. Gaskell, Rev. William, M.A. Plymouth-grove, Manchester.
1846. JGassiot, John Peteb, D.C.L., LL.D., F.R.S., F.C.S. Clapham

Common, London, S.W.
1862. *Gatty, Charles Henry, M.A., F.L.S., F.G.S. Felbridge Park, East

Grinstead, Sussex.

1875. §Gavey, J. 21 Shrubbery Park West, Clifton, Bristol.

1875. §Gaye, Henry S. Newton Abbott, Devon.
1873. JGeach, R. G. Cragg Wood, Rawdou,- Yorkshire.
1871. JGeddes, John. 9 Melville-crescent, Edinburgh.
1859. JGeddes, William D., M.A., Professor of Greek, King's College, Old

Aberdeen.
1854. JGee, Robert, M.D. 5 Abercromby-square, Liverpool.
1887. §Geikie, Archibald, LL.D., F.R.S.L. & E., F.G.S., Director of the

Geological Survey of Scotland. Geological Survej^ Office, Vic-
toria-street, Edinburgh ; and Boroughtield, Edinburgh.

1871. §Geikie, James, F.R.S.L. & E., F.G.S. 16 Duncan-terrace, New-
ington, Edinburgh.

1855. JGemmell, Andrew. 38 Queen-street, Glasgow.
1875. *George, Rev. Hereford B., M.A., F.R.G.S. New College, Oxford.
1854. JGerard, Henry- 8a Runiford-place, Liverpool.

1870. JGerstl, R. University College, London, W.C.
1870. *Gervis, Walter S., M.D., F.G.S. Ashburton, Devonshire.
1856. *Gething, George Barkley. Springfield, Nev.'port, Monmouthshire.
1865. JGibbins, William. Battery Works, Digbeth, Birmingham.
1871. JGibsou, Alexander. 19 Albany-street, Edinburgh.
1868. JGibson, C. M. Bethel-street, Norwich.
1874. JGibson, Edward, Q.C. 23 Fitzwilliam-square, Dublin.
1876. *Gibson, George A. 32 Lauder-road, Edinburgh.

*Gibson, George Stacey. Saffron Walden, Essex.
1852. IGibson, James. 35 Mountjoy-square, Dublin.
1870. XGihson, R.E.
1870. JGibson, Thomas. 51 Oxford-street, Liverpool.

1870. JGibson, Thomas, jun. 19 Parkfield-road, Prince's Park, Livei-pool.
1867. JGibson, W. L., M.D. Tay-street, Dundee.
1842. Gilbert, Joseph Henry, Ph.D., F.R.S., F.C.S. Harpenden, near

St. Albans.

1857. JGilbert, J. T., M.R.I.A. Blackrock, Dublin.
1859. *Gilchrist, James, M.D. Crichton House, Dumfries.

Gilderdale, Rev. John, M.A. Walthamstow, Essex, E.
Giles, Rev. William. Netherleigh House, near Chester.

1871. *Gill, David, jun. The Observatory, Aberdeen.
1868. JGiU, Joseph. Palermo, Sicily. (Care of W. H. Gill, Esq., General

Post Ofiice, St. Martin's-le-Grand, E.G.)
1864. JGiLL, Thomas. 4 Sydney-place, Bath.
1861. *Gilroy, George. Hindley Hall, Wigan.
1807. jGilroy, Robert. Craigie, by Dundee.
1876. §Giniingham, Charles H. 45 St. Augustine's-road, Camden-square,

London, N.W.
1867. §GiNSBURG, Rev. C. D., D.C.L., LL.D. Binfield, Bracknell, Berkshire.
1809. JGirdlestone, Rev. Canon E., M.A. Halberton Vicarage, Tiverton.
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1874. *Girdwood, James Kounedy. Old Park, Belf'a.^t.

1850. *Gladstone, Georg-e, F.C.S., F.R.G.S. 31 Ventnor-villaa, Cliftonville,
Brightou.

1849. *Gladstone, John Hall, Ph.D., F.ll.S., F.C.S. 17 Pembrid'^e-
square, Hyde Park, London, W.

'"

1861. * Gladstuiic, Mui-rdt/. 30 Wilton-crescent, London, 8.W.
1875. *Glaisher, Ernest Henry. lDartraouth-place,BlackIieatli,London S E
IStJl. *Glaisheh, James, F.R.S., F.R.A.S. 1 Dartmouth-place, Black-

heath/ London, S.E.
1871. *Glaisheh, J. W. L., M.A., F.R.S., F.R.A.S. Trinity Colleo-e,

Cambridge. °

1853. JGleadon, Thomas Ward. Moira-buildings, Hull.
1870. §Glen, David Corse. 14 Aunfield-place, Glasgow,
1859. fGlennie, J. S. Stuart. G Stone-buildings, Lincoln's-Inn, Loudon

vv.o.

1867. jGloag, John A. L. 10 Inverleith-place, Edinburgh.
Glover, George. Ranelagh-road, Pimlico, London, S.W,

1874. §Glover, George T. 80 DonegaU-place, Belfast.
Glover, Thomas. Becley Old Hull, Howslei/, Bal;etcell.

1874. JGlover, Thomas. 77 Claverton-street, London, S.W.'
1870. JGlynn, Thomas R. 1 Rodney-street, Liverpool.
1872. JGoDDAED, RicHAED. 16 Booth-street, Bradford, Yorkshire.
1852. JGodwin, John. Wood House, Rostrevor, Belfast.
1846, JGoDwixX-AusTEN, Robert A. C, B.A., F.R.S., F.G.S. Chilworth

Manor, Guildford.
1876. §Goff; Bruce, M.D. Bothwell, Lanarkshire.

GoLDSMiD, Sir Feancls Henby, Bart., M.P, St. John's Lodo-e
Regent's Park. London, N.W. ^ '

1873. §Goldthorp, Miss R.'F. C. Cleckheaton, Bradford, Yorlcshire.
1852. jGoodbody, Jonathan. Clare, King's Coimty, Ireland.
1870. JGoodison, George William, C.E. Gateacre, Liverpool,
1842. *GooDMAN-, John, M.D. 8 Leicester-street, Soiithport,
1865. |Goodman, J. D. Minories, Birmingham.
1869. JGoodman, Neville. Peterhouse, Cambridge.
1870. *Goodwin, Rev. Henry Albert, M.A., F.R.A.S, Lambourne Rectory,

Romford.
1871. *Gordon, Joseph Gordon, F.C.S. 20 King-street, St. James's, London,

S.W.
1840. JGordon, Lewis D. B. Totteridge, Whetstone, London, N,
1857. jGordon, Samuel, M.D. 11 Hume-street, Dublin.
1865. JGore George, F.R.S. 50 Islington-row, Edgbaston, Birmingham.
1870. JGossage, William. Winwood, Woolton, Liverpool.
1875. *Gotch, Francis. Stokes Croft, Bristol.

*Gotch, Rev. Frederick William, LL.D. Stokes Croft, Bristol.
*Gotch, Thomas Henr3^ Kettering.

1873. §Gott, Charles, M.I.C.E. Parkfield-road, Manniugham, Bradford
1849. JGough, The Hon. Frederick. Perry Hall, Birmingham.
1857. JGough, George S., Viscount. Rathronan House, Clonmel.
1868. §Gould, Rev. George. Unthank-road, Norwich.

Gould, John, F.R.S., F.L.S., F.R.G.S., F.Z.S. 26 Charlotte-street
Bedford-square, London, W.C. '

1854. XGourlay, Daniel De la C, M.D.
1873. JGoui'lay, J. McMillan. 21 St. Andrew's-place, Bradford, Yorkshire.
1867, jGourley, Henry (Engineer). Dundee.
1876. §Gow, Robert. Cairndowau, Dowanhill, Glasgow.

Gowland, James. London-wall, London, E.G.
1873. §Goyder, Dr. D. Manville-crcseent, Bradford, Yorkshiroi
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1861. fGrafton, Frederick W. Park-road, VVlialley Range, Manchester.

1867. *Gbaham, Cyril, F.L.S., F.R.G.S. 9 Cleveland-row, St. James's,

Loudon, S.W.
1875. §Grahame, James. Auldhouse, PoUoksliaws, near Glasgow.

1852. *Grainger, Rev. John, D.D., M.R.I.A. Skerry and Rathcavan Rectory,

Broughshane, near Ballymena, Co. Antrim.

1871. JGrant, Sir Alexander, Bart., M. A., Principal of the University of

Edinburgh. 21 Lansdowne-crescont, Edinburgh.

1870. §Grant, Colonel J. A., O.B.,C.S.L,F.R.S.,F.L.S., F.R.G.S. 19 Upper
Grosveuor-street, London, W.

1859. JGrant, lion. James. Climy Cottage, Forres.

1855. *Grant, Robert, M.A., LL.D., F.R.S., F.R.A.S., Eegius Professor of

Astronomy in the University of Glasgow, The Observatory,

Glasgow.

1854. JGrantham, RcciiaiidB., C.E., F.G.S. 22 Whitehall-place, London,
S.W.

1864. JGrantham, Richard F. 22 Whitehall-place, London, S.W.
1874. §Graves, Rev. James, B.A., M.R.I.A. luisuag Glebe, Stonej'ford,

Co. Kilkenny.

*Graves, Rev. Richard Hasting,?, D.D. .81 Ilaglau-road, Dublin.

1864. *Gray, Rev. Charles. The Vicarage, Blyth, Worksop.

1865. JGray', Charles. Swnu-bank, Bilston.

1870. JGray, C. B. 5 Rumford-place, Liverpool.

1876. §Gra'y, Dr. Newton-terrace, Glasgow.

1857. JGray, Sir John, M.D. Rathgar, Dublin.

1864. JGray, Jonathan. Summerhill House, Bath.

1859. {Gray, Rev. J. H. Bolsover Castle, Derbyshire.

1870. §Gray, J. Macfarlane. 127 Queen's-road, Peckham, London, S.E.

1873. §Gray, William, M.R.I.A. Mount Charles, Belfast.

*Gr.\y, William, F.G.S. Gray's-court, Minster Yard, York.

*Gray, Colonel William. Farley Hall, near Reading.

1854. *Grazebrook, Henry. Clent Grove, near Stourbridge, Worcester-

shire.

1866. §Greaves, Charles Augustus, M.B., LL.B. 32 Friar-gate, Derby.

1873. IGreaves, James H., C.E. Albert-buildings, Queen "S^ictoria-atreet,

London, E.C.

1869. §Greaves, William. Wellington-circus, Nottingham.

1872. §Greaves, William. 2 Raymond-buildings, Gray's Inn, Loudon,

W.C.
1872. *Grecs, Clair J., LL.D. Redhill, Surrey.

1858. *Greenhalgh, Thomas. Thoruydikes, Sharpies, near^Bolton-le-Moors.

1863. tGreenwell, G. E. Poynton, Cheshire.

1875. §Greenwood, Frederick. School of Medicine,-,Leeds.

1862. *Greenwood, Henry. 32 Castle-street, and The Woodlands, Anfield-

road, Anfield, Liverpool.

1849. JGreenwood, AVilliam. Stones, Todmorden.
1861. *Greg, Robert Philips, F.G.S., F.R.A.S. Col;s Park, Bunting-

ford, Herts.

1833. Gregg, T. H. 22 Ironmonger-lane, Cheapside, London, E.C.

1860. JGregor, Rev. Walter, M.A. Pitsligo, Rosjhearty, Aberdeen-
shire.

1868. IGregory, Charles Ilutton, C.E. 1 Delahay-street, Westminster,

s;w.
1861. §Gregson, Samuel Leigh. Aigburth-road, Liverpool.

1875. JGrenfell, J. Granville, B.A., F.G.S. 5 Albert-villas, Clifton, Bristol.

*Greswell, Rev. Richard, M.A., F.R.S., F.R.G.S. 39 St. Giles's-

street, Oxford
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1869. JGrfa", Sir Geoege, F.R.G.S. Belgi-ave-mansions, Grosvenor-
gardens, Loudon^ S.W.

1875. JGrey, Mrs. Maria G. 18 Cadogan-place, London, S.W.
1863. tGrey, W. S. Norton, Stockton-on-Tees.
1871. *Grierson, Samuel. Medical Superintendent of the District Asylum,

Melrose, N.B.
1859. JGurEHSON, TnojrAS Boyle, M.D. Thornhill, Dumfriesshire.
1875. §Grieve, David, F.R.S.E. Hobart House, Dalkeith.
1870. JGrieve, John, M.D. 21 Lyuedock-street, Glasgow.

*Griffin, John Joseph, F.C.S. 23 Garrick-street, London, W.C.
Griffith, Ilev. C. T., D.D. Elm, near Frome, Somerset.

1859. *Gkiffith, George, M.A., F.O.S. (Assistant General Secbe-
TABY.) Harrow.

Griffith, George R. Fitzwilliam-place, Dublin.
1868. fGBiFFiTH, Rev. John, M.A., D.C.L. Findon Rectory, Worthing,

Sussex.

1870. tGriffith,N. R. The Coppa, Mold, North Wales.
1870. JGriffith, Rev. Henry, F.G.S. Barnet, Herts.

*Gbiffith, Sir Richabd John, Bart., LL.D., F.R.S.E., M.R.LA.,
F.G.S. 2 Fitzwilliam-place, Dublin.

1847. ^Griffith, Thomas. Bradford-street, Birmingham.
Gbiffiths, Rev. John, M.A. Wadham College, Oxford.

1875. JGriguon, James, H.M. Consul at Riga. Riga.
1870. jGrimsdale, T. F., M.D. 29 Rodney-street, Liverpool.
1842. Grimshaw, Samuel, M.A. Errwod, Buxton.
1864. JGboom-Napieb, Chables Ottlev, F.G.S. 18 Elgin-road, St.

Peter's Park, London, N.W.
1869. §Grote, Arthur, F.L.S., F.G.S. The Athenreum Club, Pall Mall, Lon-

don, S.W.
Grove, The Hon. Sir William Robert, Knt., M.A., Ph.D., F.R.S,

115 Harley-street, London, W.
186.3. 'Groves, Thomas B., F.C.S. 80 St. Mary-street, Weymouth.
1809. JGbubb, Howard, F.R.A.S. 40 Leinster-square" Rathmines,

Dublin.

1857, JGrubb, Thomas, F.R.S., M.R.LA. 141 Leinster-road, Dublin.
1872. JGriineisen, Charles Lewis, F.R.G.S. 16 Surrey-street, Strand, Lon-

don, W.C.
Guest, Edwin, M.A., LL.D., F.R.S., F.L.S., F.R.A.S., Master of

Caius College, Cambridge. Caius Lodge, Cambridge ; and Sand-
ford Park, Oxfordshire.

1867. 1 Guild, John. Bayfield, West Fen-y, Dundee.
Guinness, Henry. 17 CoUege-gTee'n, Dublin.

1842. Guinness, liicliard Sevmour. 17 College-green, Dublin.
1856. *GtTisE, Sir William "Veenon, Bart., F.G.S., F.L.S. Elmore Court,

near Gloucester.

1862. JGunn, John, M.A., F.G.S. Irstedd Rectoiy, Norwich.
1866. tGiJNTHER, Albert C. L. G., M.A., M.D., Ph.D., F.R.S., Keeper of

the Zoological Collections in the British Museum. British
Museum, London, W.C.

1868. *Guruey, John. Sprouston Hall, Norwich.
1860. 'GuBNEY, Samuel, F.L.S., F.R.G.S. 20 Hanover-terrace, Regent's

Park, London, N.W.
*Gutch, John James. Holgate Lodge, York.

1876. § Guthrie, Francis. Cape Town, Cape of Good Hope.
18.59. JGuTHEiE, Frederick, B.A., F.R.S.L. & E., Professor of Phvsics in

the Royal School of Mines. 24 Stanley-crescent, Nottiugllill,
London, W.

D
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1804. §Guyon, Gcovge. Soiilli Cliff Cottage, Veutnor, Isle of Wight.

1870. XGiiytan, Joseph.

1857. jGwynne, liev. Jolm. Tullyagnish, Letterkenny, Strabane, Ireland.

1870. §Gwytlier, 11. F. Owens College, Manchester.

Ilacliclt, Michael. Bvooldairn, Chapelizod, iJirhlin.

1865. Jllaekney, William. 9 Victoria Chambers, "Slctoria-street, London,
S.W.

18GG. *Hadden, Frederick J. .3 Park-terrace, Nottingham.

18GG. Jlladdon, Henry. Lenton Field, Nottingham.

Iladeu, G. N. Trowbridge, Wiltshire.

1842. Hadfield, George. Victoria-park, Manchester.

1870. JHadivan, Isaac. 3 Huskisson-street, Liverpool.

1848. JHadlaud, William Jenkins. Banbm-y, Oxfordshire.

1870. jHaigh, George. Waterloo, Liverpool.

'Hailstone, Edward, F.S.A. 'SN^alton Hall, Wakefield, Yorkshire.

18G9. JHake, R. C. Grasmere Lodge, Addison-road, Kensington, Lon-
don, W.

1875. §Hale, Rev. Edward, M.A., F.G.S., F.R.G.S. Eton CoUege, Windsor.

1870. JHalhead, W. B. 7 P.arkfield-road, LivcvpooL
Halifax, The Right Hon. Viscount. 10 Belgrave-sijiiare, London,

S.W. ; and Hicklestou Hall, Doncaster.

1872. JHall, Dr. Alfred. 30 Old Steiue, Brighton.

1854. *Hall, Hugh Fergie, F.G.S. Greenheys, Wallasey, Birkenhead.

1839. Jllall, John Frederic. Ellerker House, Richmond, Surrey.

1872. *Hall, Car.tain Marshall. Scientific Club, Savile-row, London, W,
*IIalI, Thoniac B. Australia. (Care of J. P. Hall, Esq., Crane House,

Great Yarmouth.)
18G6. *Hall, Toavnshend M., F.G.S. Pilton, Barnstaple.

1860. §Hall, Walter. 10 Pier-road, Erith.

1873. §Hali.ett, T. G. P., M.A. 52 Redclifte-hill, Bristol.

18G8. *IIai.lktt, Williaji Henry, F.L.S. Buckingham House, Marine
Parade, Brighton.

1861. \H(tlUdaii, James. Whalley Cottaije, WhaJlei/ Ha/ir/e, Mmtchcster.

Ilalsall, Edward. 4 Somerset-sti-eet, Kingsdown, Bristol.

1853. *Hambly, Charles Hanibly Burbridge, F.G.S. The Leys, Barrow-on-
Soar, near Loughborough.

1866. ^Hajiilton, Archibalp, F.G.S. South Barrow, Bromley, Kent.

1865. §Hamilton, Gilliert. Leicester House, Kenilworth-road, Leaming^ton.

IL\MiLTON, The Verv Rev. LIenry Parr, Dean of Salisbiu-y, M.A.,
F.R.S.L. & E., F.G.S., F.R.A.S. Salisbury.

18G9. JHamilton, John, F.G.S. F^-ne Court, Bridgewater.

1869. §Haniilton, Roland. Oriental Club, Hanover-square, London, W.
1851. fHammond, C. C. Lower Brook-street, Ipswich.

1875. jllancock, C. F., jun., M.A. Royal Institution, Albemarle-street,
London, W.

1863. Jllancock, John. 4 St. Mary's-terracc. Newcastle-on-Tyne.
1850. jllancock, John, J.P. The JManor House, Lurgan, Co. Armagh.
1801. jllancock, Wallcer. 10 Upper ChadweU-street, Pentonville, London,

N.
1857. JHaucock, William J. 23 Svmcot-place, Dublin.

1847. JHancock, W. Neilson, LL.D., M.R.LA. 64 Upper Gardiner-
street, Dublin.

1876. §IIancock, Mrs. W. Neilson. 64 Upper Gardiner-street, Dublin.
1865. IHands, M. Coventry.

Handyside, P. D., M.D.,F.lt.S.E. Fairmount, Moffat, Dumfriesshire.

1867. tHanuah, Rev. Jolm, D.C.L. The Vicarage, Brighton.
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1859. fHaunay, John. MontcolFer House, Aberdeen.
1853. tHansell, Thomas T. 2 Cliarlotte-street, Sculcoates, Hull.

Harcoubt, a. CI. Vernon, M.A., F.R.S., F.C.S. 3 Norham-
gardens, Oxford.

Harcourt, Egertou V. Vernon, M.A., F.G.S. Whitwell Hall, York-
shire.

1865. JHarding, Charles. Harbomo Heath, Birmingham.
1869. {Harding, Joseph. Hill's Court, Exeter.

1869. JHardingi William D. Islington Lodge, Kings livnn, Norfolk, -

1874 IHardman, E. T., F.C.S. 14 Ilume-street, Dublin.
1872. IHardwicke, Mrs. 192 Piccadilly, London, W.

*Habe, Charles John, jM.D., Professor of Clinical Medicine in Uni-
versity College, London. 67 Broolc-street, Grosvenor-square,
London, W.

Harford, Summers. Haverfordwest.
1858. {Hargi'ave, James. Bmie}', near Leeds.

1876. §Harkeu, Allen. 17 Southgate-street, Gloucester.

1853. §Harkness, Robert, F.E.S.L. & E., F.G.S., Professor of Geology
in Queen's College, Cork.

1871. §Harknes3, William. Laboratory, Somerset House, London, W.C.
1875. *Harland, Rev. Albert Augustus, M.A. The Vicarage, Harefield,

Middlesex.

1862. *Harley, George, M.D., F.R.S., F.C.S. 25 Harley-street, London,

*Harley, John. Ross Hall, near Shrewsbm-y.
1862. *ILa.rley, Rev. Robert, F.R.S., F.R.A.S. Mill Hill School, Middle-

sex; and Bm-ton Bank, Mill Hill, :Middlesex, N.W.
1861. JHarman, H. W., C.E. 16 Booth-street, Manchester.
1868. 'Hardier, F. W., F.G.S. Oakland House, Cringleford, Norwich.
1872. §Harpley, Rev. William, M.A., F.C.P.S. Clayhanger Rectory,

Tiverton.

'Harris, Alfred. Oxton Hall, Tadcaster.

*Han-is, Alfred, jim. Lunefield, Kirkby-Lonsdale, Westmoreland.
1871. JHarbis, George, F.S.A. Iselipps Manor, Northolt, Southall, Mid-

dlesex.

1863. JHan-is, T. W. Grange, Middlesborough-on-Tees.
1873. JHaiTis, W. W. Oak-villns, Bradford, Yorksliire.

1860. IHarrison, Rev. Francis, M.A. Oriel College, Oxford.
1864. {Harrison, George. Barnslev, Yorkshire.

1873. §Harrison, George, Ph.D., F.L.S., F.C.S. 265 Glossop-road, Shef-.
field.

1874. {Harrison, G. D. B. 3 Beaufort-road, Clifton, Bristol.

1858. 'Harrison, James Park, M.A. Cintra Park Villa, Upper Norwood,
S.E.

1870. {Harrison, Reginald. 51 Rodney-street, Liverpool.
1853. {Harrison, Robert. 36 George-street, Hull.

1863; {Han-ison, T. E. Engineers' Office, Central Station, Newcastle-on-
TjTie.

1853. 'Harrison, William, F.S.A., F.G.S. Samlesbury Hall, near Preston,
Lancashire.

1849. {Harro^vby, The Right Hon. Dudley Ryder, Earl of, K.G.,D.C.L.,
F.R.S., F.R.G.S. 39 Grosvenor-square, London, W. ; and
Sandon Hall, Lichfield.

1859. 'Hart, Charles. Harbourue Ilall, Bii'minghani.

1876. *IIart, Thomas. Bank View, 33 Preston New-road, Blackburn.
1875. §Hart, W^ E. Kilben-v, near LondonderiT.
1856. \-Hartland,F. Dixon, F'.S.A.,F.li.G.S. Tlie Oalihnds,nearCheltenham,
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Hartley, James. Sunderland.

1871. JHartley, Walter Noel, F.C.S. King's College, London, W.O.
1854. fHAKTNtJP, John, F.R.A.S. Liverpool Observatory, Bidston, Birken-

head.

1850. JHarvey, Alexander. 4 South Wellington-place, Glasgow.
1870. JHarvey, Enoch. Riversdale-road, Aigburth, Liverpool.

*Harvey, Joseph Charles. Knockrea, Douglas-road, Cork.

Harvey, J. E., M.D. St. Patrick's-place, Cork.

1862. *Harwood, John, jim. Woodside Mills, Bolton-le-Moors.

1875. §Hasting, G. W. Barnard's Green House, Malvern.

Hastings, Rev. H. S. Martley Rectory, Worcester.

18.37. JHastings, W. Huddersfield.

1842. *Hatton, James. Richmond House, Higher Broughton, Manchester.

1857. JHaughton, Rev. Samuel, M.D., M.A., F.R.S., M.R.I.A., F.G.S.,

Professor of Geology in the University of Dublin. Trinity Col-
lege, Dublin.

*Haughton, William. 28 City Quay, Dublin.

1874. ^Hawkins, B. Waferhouse, F.L.S., F.G.S. Allison Toicer, Ikihvich,

Lotidun, S.U.

Hawkins, Jolm Heywood, M.A., F.R.S., F.G.S. Bignor Park, Pet-
worth, Sussex.

1872. 'Ilawkshaw, Henry Paul. 20 King-street, St. James's, London,
S.W.

*Hawkshaw,: Sir John, C.E., F.R.S., F.G.S., F.R.G.S. Holly-
combe, Liphook, Petersfield ; and 33 Great George-street,

London, S.W.
1864. *Hawkshaw, John Clarke, M.A., F.G.S. 25 Cornwall-gardens,

South Kensington, S.W. : and 33 Great George-street, London,
S.W.

1868. §Hawksley, Thomas, C.E., F.G.S. 30 Great George-street, London,
S.W.

1863. jHawthorn, William. The Cotta^'e, Benwell, Newcastle-upon-Tyne.
1859. jHay, Sir Andrew Leith, Bart. Rannes, Aberdeenshire.

1877. §Hav, Arthur J. Lerwick, Shetland.

1861. *Hay, Rear-Admiral the Right Hon. Sir John C. D., Bart., C.B.,
M.P., F.R.S. 108 St. George's-square, London, S.W.

1858. JHay, Samuel. Albion-place, Leeds.

1867. JHay, William. 21 Magdalen-yard-road, Dundee.
1857. jHayden, Thomas, M.D. 30 Harcourt-street, Dublin.
1873. *Hayes, Rev. William A., B.A. 61 George-street, Leeds.
1869. JHayward, J. High-street, Exeter.
1858. *Hayward, Robert Baldwin, M.A., F.R.S. The Park, Harrow.
1851. §Head, Jeremiah, C.E., F.C.S. Middlesbrough, Yorkshire.
1869. JHead, R. T. The Briars, Alphington, Exeter.
1869. JHead, W. R. Bedford-circus, Exeter.

1863. iHeald, Joseph. 22 Leazes-terrace, Newcastle-on-Tyne.
1872. JHealey, C. E. H. Chadwyck. 8 Albert-mansions, Victoria-street,

London, S.W.
1871. §Healey, George. Matson's, Windermere.
1861. *Heape, Benjamin. Northwood, Prestwich, near Manchester.
1865. JHearder, William. Victoria Parade, Torquay.
1866. JHeath, Rev. D. J. Esher, Surrey.

1863. JHeath, G. Y., M.D. Westgate-street, Newcastle-on-Tjiie.
1861. §Heathpield, W. E., F.C.S., F.R.G.S., F.R.S.E. 20 King-street,

St. .James's, London, S.W.
1865. JHeaton, Harry. Ilarborne House, Harhorne, near Birmingham.
1858. *Heaton, John Deakin, M.D., F.R.C.P. Claremont, Leeds.



LIST OF MEMBERS. S7

Year of
Election.

1865. XHeaton, Balph. JIarbo77ie Lodge, near Birmingham,
1833. tHEAVisiDE, Rev. Canon J. W. L., M.A. Tlie Close, Norwich.
1855. JHector, James, M.D., F.R.S., F.G.S., F.R.G.S., Geological Smvey

of New Zealand. Wellington, New Zealand.

1867. JHeddle, M. Foster, M.D., Professor of Chemistry in the University
of St. Andrews, N.B.

1869. JHedgeland, Rev. W. J. 21 Mount Radford, Exeter.
1863. JHedley, Thomas. Cox Lodge, near Newcastle-on-Tyne.
1862. XHebn, George F.
1857. *Hemans, George William, C.E., M.R.LA., F.G.S. IWestminster-

chambers, Victoria-street, London, S.W.
1867. JHenderson, Alexander. Dundee.
1845. JHenderson, Andrew. 120 Gloucester-place, Portman-square, Lou-

don, W.
1873. •Henderson, A. L. 49 King William-street, London, E.C.
1866. XHenderson, James, jun. Dundee.
1874. §Henderson, James Alexander. Norwood Tower, Belfast.

1876. *Henderson, William. Williamfield, Irvine, N.B.
1873. *Hendeeson, W. D. 12 Victoria-street, Belfast.

1856. JHennessy, Heney G., F.R.S., M.R.LA., Professor of Applied
Mathematics and Mechanics in the Royal College of Science
for Ireland. Moimt Eagle, Sandyford, Co. Dublin.

1857. JHenuessy, John Pope, Go^•ernor of the Bahamas. Government
House, Nassau.

1873. 'Henrici, Olaus M. F. E., Ph.D., F.R.S., Professor of Mathematics
in University College, London. 22 Torriano-aveuue, Camden
Town, London, N.W.

Henry, Franklin. Poi-tland-street, Manchester.
Henry, J. Snowdon. East Dene, Bonchurch, Isle of Wight.
Henry, Mitchell, M.P. Stratheden House, Hyde Park, London,

1874. JHenry, Rev. P. Shuldam, D.D., M.R.LA. President, Queen's
College, Belfast.

*mnry, William Charles, M.D., F.R.S., F.G.S., F.E.G.S., F.C.S.,

Hajfield, near Ledhury, Herefordshire.
1870. JHenty, William. Norfolk-terrace, Brighton.
1855. *Hepbiu'n, J. Gotch, LL.B., F.C.S. Sidcup-place, Sidcup, Kent.
1855. IHepbum, Robert. 9 Portland-place, London, W.

Hepbm-n, Thomas. Clapham, London, S.W.
1871. IHepburu, Thomas H. St. Mary's Cray, Kent.

Hepworth, John Mason. Ackworth, Yorkshii'e.

1856. JHepwoith, Rev. Robert. 2 St. James's-sc[uare, Cheltenham.
•Herbert, Tliomas. The Park, Nottingham.

1852. XHerdmun, John.

1866. jHerrick, Perry. Bean Manor Park, Loughborough.
1871. *HEnscHEi., Professor Alexander S., B.A., F.R.A.S. College of

Science, Newcastle-on-Tvne.
1874. §Herschel, Major John, R.E., F.R.S. Mussoorie, N. W. P. India.
1865. JHeslop, Dr. Binningham.
1863. XHeslop, Joseph.

1873. JHeugh, John. Gaunt's House, Wimborne, Dorset.
1832. JHewitson, William C. Oatlands, Sun-ey.

Hey, Rev. WilUam, M.A., F.C.P.S. Clifton, York.
1866. *He3Tnann, Albert. West Brid^ford, Nottinghamshire.
1866. {Heymann, L. West Bridgforcf, Nottinghamshire.
1861. 'Heywood, Arthur Henry. Elleray, Windennere.

•Heywood, .Tajies, F.R.S., F.G.S., F.S. A., F.R.G.S., F.S.S. 20 Ken-
sington Palace-gardens, London, W.
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1861 *Heywood, Oliver. Ciaremont, Manchester.

Heywood, Thomas Percival. Ciaremont, Manchester,

1875. JHicks, Henry, F.G.S. Heriot House, Hendou, Middlesex, N.W,
1864. *HiERN, W. P., M.A. 1 Foxton-villas, Richmond, Surrey.

1854. *Hi(igin, Edward. -
'

1861. *Higg'in, .Tames. Lancaster-avenue, Fennel-street, Manchester.

Higginijotham, Samuel. 4 Springfield-court, Queen-street, Glasgow.
1868. JHigginbottom, John, F.R.S., F.R.C.S. Gill-street, Nottingham.
1875. JHiggins, Charles Hayes, M.D., M.R.O.P., F.R.C.S., F.R.S.E. Alfred

House, Birkenhead.

1871. ifHiGGiNS, Clement, B.A., F.C.S. 103 Holland-road, Kensington,

Loudon, W.
1861. XHif/ffins, George.

1854. JHiGGiNS, Rev. Henhy H., M.A. The Asylum, Raiuhill, Liver-

pool.

1861. *Higgius, James. Stocks House, Cheetham, Manchester.

1870. JHiGGiNSON, Alfred. 44 LTpper Parliament-street, Liverpool.

Hildyard, Rev. James, B.D., F.C.P.S. Ingoldshy, near Granthani,
Lincolnshire.

Hill, Arthur. Bruce Castle, Tottenham, London, N.
1872. §Hill, Charles. Rockhurst, West Hoathley, East Grinstead.

*Hill, Rev. Edward, M.A., F.G.S. Sheering Rectory, Harlow.
1857. §11111, John, M.I.C.E., M.R.I.A., F.R.G.S.I. Coimty Surveyor's

Office, Ennis, Ireland.

1871, t^lill, La-wrence, The Knowe, Greenock.
'

*HiLL, Sir Rowland, K.C.B.,D.C.L.,F.R.S., F.R.A.S. Hampstead,
London, N.W.

1864. XmU, William. Comhe Hay, Bristol.

1876. §Hill, William II. Barlanark, Shettleston, N.B.
1863. tHills, F. C. Chemical Works, Deptford, Kent, S.E.

1871. *Hills, Thomas Hyde. 388 Oxford-street, London, W.
1858. JHiNCKS, Rev. Thomas, B.A., F.R.S. Stancliff House, Cleyedon,

Somerset.

1870. JHinde, G. J. Buenos Ayres.
Hindley, Rev. H. J. Edlingtou, Lincolnshire.

*Hindmarsh, Luke. Alnhank House, Alnwick.
1865. JHinds, James, M.D. Queen's College, Birmingham.
1863. jHinds, William, M.D. Parade, Birmingham.
1861. *IIinmers, William. Cleveland House, Birkdale, Soutliport.

18.58. JHirst, John, jun. Dobcross, near Manchester.
1861. *IliR.ST, T. Archer, Ph.D., F.R.S., F.R.A.S. Royal Naval College,

Greenwich, S.E. : and Athenreum Club, Pall Mall, London,
_S.W.

1856. XHitch, Samuel, M.D. SandyireU Park, Gloucestershire.

1870. JHitchman, William, M.D., LL.D., F.L.S. 29 Erskine-street,

Liverpool.

*Hoare, Rev. George Tooker. Godstone Rectory, Redhill.

Hoare, J. Gurney. Hampstead, London, N.W.
1864. JHobhouse, Arthur Fane. 24 Cadogan-place, Loudon, S.W.
1864. JHobhouse, Ciiarles Parry. 24 Cadogan-place, Loudon, S.W.
1864. JHobhouse, Henry AVilli.nm. 24 Cadogan-place, London, S.W.
1863. §Hobson, A. S., F.C.S. 3 Upper Heathfield-terrace, Turnham Green,

London, W.
1866. |HocKiN, Charles, M.D. 8 Avenue-road, St. John's Wood, Lon-

don, N.W.
1876. §Hodges, Frederick W. Queen's College, Belfast.

1852. JHodges, John F., M.D., F.C.S., Professor of Ao-viciilttire in Queen's
College, Belfast.
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1803. *nouLiKi.v, Thomas. Benwell Dene, Newcastle-on-Tyne,

1873. 'Hodgson, Cleorgo. Thornton-road, Bradford, Yorksliive.

1873! Illodgsou, James. Oakfield, Manniughani, Bradford, Yorkshire.

1875. *IIodgson, Kirkmau Daniel, M.P. 67 Brook-street, London, W,
1863. {Hodgson, Ilohert. AVhitburu, SimderLaud.

1863. JHodgsou, II. W. North Dene, Gateshead.

1830. tllodgson, W. B., LL.D., F.R.A.S., Professor of Commercial and Po-

litical Economy in the University of Edinhurgh.

1865, *HoFJiANN, Augustus William, M.D., LL.D., Ph.D., F.R.S., F.O.S,

10 Dorotheen Strasse, Berlin.

1860. tHogan, Rev. A. Pt., M.A. Watlington Vicarage, Oxfordshire.

1876. §Hogg, Robert. 54 Jane-street, Glasgow.

1854. *Holcroft, George. Bpon's-court, St. Mary's-gate, Manchester.

1873. *IIolden, Isaac. Oakworth House, near Keighley, Yorkshire.

1856. {Holland, Henry, Dumhleton, Evesham.

1858. §Holland, Loton, F.R.G.S. The Gables, Osbome-road, Windsor.

•Holland, Philip H. 4i Parliament-street, Westminster, S.W,
1865. JHolliday, William. New-street, Birmingham.

1866. *Holmes, Charles. 59 London-road, Derby.

1873. {Holmes, J. R. Southbrook Lodge, Bradford, Yorkshire.

1876. *Holms, James. Hope Park, Partick, near Glasgow.

1876. §Holms, Colonel William, M.P. Caldwell, Renfrewshire.

]870. {Holt, William D. 23 Edge-lane, Liverpool.

*Hone, Nathaniel, M.R.I.A. Bank of Ireland, Dublin.

1875. *Hood, John. The Elms, Cotham Hill, Bristol.

1847. {HooKKH, Joseph Dalton, C.B., M.D., D.G.L., LL.D., Pres. R.S.,

V.P.L.S., F.G.S., F.R.G.S. Royal Gardens, Kew, Siu-rey.

1865. *Hooper, John P. The Hut, Mitcham Common, Surrey.

1861. §Hooper, AVilliam. 7 Pall Mall East, London, S.W.
1856. {Ilootou, Jonathan. 80 Great Ducie-street, Manchester,

1842, Hope, Thomas Arthur. Stanton, Bebiugton, Cheshire.

1869. {Hope, William, Y.C. Parsloes, Barking, Essex.

1865. {Hopkins, J. S. Jesmoud Grove, Edgbaston, Birmingham.

1870. *IIopkiu3on, John. Woodlea, Beech-lanes, Birmingham.

1871. §HoPKiNsoN, John, F.G.S., F.R.M.S. IloUy Bank, YN'atford,

1858, {Hopkinson, Joseph, jun. Britannia Works, Huddersfield,

Hornby, Hugh. Sandown, Liverpool.

1876. *IIorne, Robert R. 150 Hope-street, Glasgow.

1875. *Homiman, F. J. Sun-ey House, Forest Hill, London, S.E.

1854. {Horsfall, Thomas Berry. Bellamour Park, Rugeley,

1856. {Horsley, Johu H. 1 Ormond-terrace, Cheltenham,

Hotham, Rev. Charles, M.A., F.L.S. Roos, Patrington, Yorkshire.

1868. {Hotson, W. C. Upper King-street, Norwich,

1859, XHoHi/h, Joseph.

PIouGHTox, The Right Hon. Lord, M.A., D.C.L., F.R.S., F.R.G.S.

16 ITpper Brook-street, London, W.
Houghton, James. 41 Rodiiey-street, Liverpool,

1858, {Houusfield, James, Hemsworth, Pontefract,

Hovenden, \\\ F., M.A. Bath.

1859. {Howard, Captain John Henrv, R-N. Tho Deanery, Lichfield.

1863. {Howard, Philip Henry. Corby Castle, Carlisle.

1876. *Howatt, James. 146 Buchanan-street, Glasgow.

1857, {Howell, Henry IL, F.G.S. Museum of Practical Geology, Jermyn-
street, London, S.W.

1868. {Howell, Rev. Canon Hinds. Drayton Rectory, near Norwich.

1865. *HowLETT, Rev. Fredep.iciCjF.R.A'.S. East Tisted Rectory, Alton,

Hants,
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1863. JHo-wORTH, H. n. Derby House, Eccles, Manchester.

1854. jHowson, The Very Rev. J. S., D.D., Dean of Chester. Chester.

1870. JHubback, Joseph. 1 Brunswick-street, Liverpool.

l»3o. *HuDSON, Henry, M.D.,M.R.I.A. Glenville, Fermoy, Co. Cork.

1842. §Hudson, Robert, F.R.S.,F.Ct.S., F.L.S. Clapham Common, London,
S.W.

1867. JHudson, William H. H., M.A, 19 Bennet's-hill, Doctors' Commons,
London, E.C. ; and St. John's College, Cambridge.

1858. *PIuGGiNS, William, D.C.L. Oxon., LL.D. Camb., F.R.S., F.R.A.S,

Upper Tulse-hill, Brixton, London, S.W.
1857. JHuggon, William. 30 Park-row, Leeds.

HuffJtes, D. Abraham.
1871. *Hughes, George Pringle, J. P. Middleton Hall, Wooler, Northum-

berland.

1870. *Hughe8, Lewis. Feuwiek-court, Liverpool.

1876. *Hughes, Thomas Edward. The Priorv, Repton, Burton-on-Trent.

1868. §HuGHES, T. M'K., M.A., F.G.S., Woodwardian Professor of Geology
in the University of Cambridge.

1863. JHughes, T. W. 4 Hawthorn-terrace, Newcastle-on-Tyne.

1805. jHughes, W. R., F.L.S., Treasurer of the Borough of Birmingham.
Birmingham.

1837. §IIuLL, Edward, M.A., F.R.S., F.G.S. Director of the Geological

Survey of Ireland, and Professor of Geology in the Royal College

of Science. 14 Hume-street, Dublin.

*Hull, William Darley. Stenton Lodge, Tunbridge Wells.

*Hulse, Sir Edward, Bart., D.C.L. 47 Portland-place, London, W. ,•

and Breamore House, Salisbury.

1861. JHuJiE, Rev. Abraham, D.C.L., LL.D., F.S.A. All Souls' Vicarage,

Rupert-lane, Liverpool.

1856. ^Humphries, David James. 1 Ke^msham-parade, Cheltenham.

1862. 'Humphry, George Murray, M.D., F.R.S., Professor of Anatomy
in the University of Cambridge. Grove Lodge, Cambridge.

1863. *HuNT, Augustus IL, M.A., Ph.D. Birtley House, near Chester-le-

Street.

1865. jHunt, J. P. Gospel Oak Works, Tipton.

1840. JHuNT, Robert, F.R.S., Keeper of the Mining Records. Museum
of Practical Geology, Jermyu-street, London, S.W.

1864. {Hunt, W. 72 Pulteuev-street,'Bath.

1875. *Hunt, William. The Woodlands, Tyudall's Park, Clifton, Bristol.

Hunter, Andrew Galloway. Denholm, Hawick, N.B.
1868. :fHunter, Christopher. Alliance Insurance Office, North Shields.

1867. JHunter, David. Blackness, Dundee.
1860. *Hunter, Rev. Robert, F.G.S. 9 Mecklenburgh-street, London, W.C.
1855. *Himter, Thomas 0. 13 William-street, Greenock.
186.*?. JHuntsman, Benjamin. West Retford Hall, Retford,

1875. §Hiirnard, James. Lexden, Colchester, Essex.

1869. JHurst, George. Bedford.

1861. *Hm'st, William John. Drumaness Mills, Ballynahinch, Lisbum,
Ireland.

1870. JHurter, Dr. Ferdinand. Appleton, Widnes, near Wan-ington.
Husband, William Dalla. Coney- street, York.

1876. §Hutchinson, John. 22 Hamilton Park-terrace, Glasgow,
1874. JHutchinson, Thomas J., F.R.G.S. Chimoo Cottage, Mill Hill,

London, N.W.
1876. §Hutchison, Peter. 28 Berkeley-terrace, Glasgow.
1868. *Hutchison, Robert, F.R.S.E. Cariowrie, Kirkliston, N.B.
1863. JHuTT, The Right Hon. Sir W., K.C.B. Gibside, Gateshead.
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Huttou, Gromptoii. Putney Park, SuiTey, S.W.
1864. •Huttou, Dariiton. (Care of Arthur Lupton, Esq., Headiugley, nciii-

Leeds.)

Huttou, Henry. Edeufield, Duudrum, Co. Dubliu.

1857. JHutton, Henry D. 10 Lower Mountjoy-street, Dubliu.

1861. *Hutton, T. Maxwell. Sumnierliill, Dublin.

1852. jHuxLKY, TnoMAS Henry, Pli.D., LL.D., Sec. U.S., F.L.S., F.G.S.,

Professor of Natural History in the Ptoyal School of Mines.

4 Marlborough-place, London, N.W.
Hyde, Edward. Dukinfield, near Manchester.

1871. *nyett, Francis A. 13 Hereford-square, Old Bronipton, London, S.W.
Hyett, AVilliaui Henry, F.E.S. Painswick House, Painswick, near

Sti'oud, Gloucestershire.

Ihne, William, Ph.D. Heidelberg.

1873. §Ikin, J. T. 19 Park-place, Leeds.

1861. Jlles, Rev. J. H. Rectory, Wolverhampton.
1858. JIngham, Henry. Wortley, near Leeds.

1876. §Inglis, Anthony. Broonihill, Partick, Glasgow.

1871. JInglis, The Right Hon. John, D.C.L., LL.D., Lord Justice General

of Scotland. Edinburgh.

1876. §Inglis, John, jun. Prince's-terrace, Dowanhill, Glasgow.

1858. "Ingram, Hugo Francis Meyuell. Temple Newsam, Leeds.

1852. JIngeam, J. K., LL.D., M.R.I.A., Regius Professor of Greek. Trinity

College, Dublin.

1870. "Inman, William. Upton Manor, Liverpool.

Ireland, R. S., M.D. 121 Stephen's-green, Dubliu.

1857. Jlrvine, Hans, M.A., M.B. 1 lUitland-square, Dubliu.

1862. tIsKLiN, J. F., M.A., F.G.S. 52 Stockwell Park-road, London.
S.W.

1863. *Ivoi7, Thomas. 23 Walker-street, Edinbui-gh.

1865. |Jabet, George. Wellington-road, Handsworth, Birmingham.
1870. JJack, James. 26 Abercromby-square, Liverpool.

1859.' JJack, John, M.A. Belhelvie-by- Whitecairns, Aberdeenshire.

1876. § Jack, William. 19 Lansdowne-road, Nottiug Hill, London, W.
1866. JJacksou, II. W., F.R.A.S., F.G.S. 15 The Terrace, High-road,

Lewisham, S.E.

1869. §Jackson, Moses. The Vale, Ramsgate.
Jackson, Professor Thomas, LL.D. St. Andrew's, Scotland.

1863. *Jackson-Gwilt, Mrs. H. Moonbeam Villa, The Grove, New Wim-
bledon, London, S.AV,

1852. JJacobs, Bethel. 40 George-street, Hull.

1874. *Jaffe, John. Cambridge Villa, Strandtown, near Belfast.

1865. *Jaffray, John. Park-grove, Edgbaston, Birmingham.
1872. JJames, Christopher. 8 Laurence Pountney Hill, Londou, E.G.
1859. jjames, Edward. 9 Gascoj^ne-terrace, Plymouth.
1860. {James, Edward II. 9 Gascovne-terrace, Plvmouth.

Jame.s, Major-General Sir Henry, R.E., F.R.S., F.G.S., M.R.LA.
Topogi'aphical Depot, 4 New-street, London, S.W.

1863. *James, Sir Walter, Bart., F.Ct.S. Whitehall-gardens, London,
S.W.

1875. JJames, Rev. William. Ilarley Lodge, Clifton, Bristol.

1858. {James, William C. 9 Gascoyne-terrace, Pljanouth.

1863. tJanu'son, John Henri/. 10 Catherine Terrace, Gateshead.

1876. §Jauiieson, J. L. K. The Mansion House, Govan, Glasgow.

1876. §Jamiesou, Rev. Dr. R. 156 Randolph-terrace, Glasgow.
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1859. *Jamieson, Thomas F., F.G.S. Ellou, Aberdeeushire.
1850. JJardine, Alexander. Jardine Hall, Lockerby, Dumfriesshire.

1870. jJardine, Edvvard. Beach Lawn, Waterloo, Liverpool.

1853, *Jarratt, liev. Canon J., 31.A, North Cave, near Brough, York-
shire.

Jarbett, Rev. Thomas, M.A., Professor of Arabic in theUniversily
of Cambridge. Truuch, Norfolk.

1870. §Jarrold, John James. London-street, Norwich.
1862. JJeakes, Ixev. James, M.A. 54 Argyll-road, Kensington, W.

Jebh, Eev. John. Peterstow Rectory, Iloss, Herefordshire.

1868. |Jecks, Charles. 26 Langham-place, Northampton.
1870. XJeffcrijyF.J.
1856. JJeffery, Henry, M.A. 438 High-street, Cheltenham.
1855. *Jeftrav, Joliu. Cardowau House, Millerston, Glasgow.
1867. JJeffreys, Howel, M.A., F R.A.S. 5 Brick-court, Temple, E.C.
1861. *Jeffreys, J. GwYN, LL.D., F.R.S., F.L.S., Treas. G.S., F.Pt.G.S.

Ware Priorv, Herts.

1862. IJellett, liev. "John II., M.A., M.R.I.A., Professor of Natural
Philosopliy in Trinity College, Dublin. 64 Upper Leeson-street,

Dublin.
1842. Jellicorse, John. Chaseley, near Rugelev, Staffordshire.

1862. §Jenkin, H. C. Fleeming, F.R.S., MJ.C.E., Professor of Civil

Engineering in the Univcrsit}' of Edinburgh. 3 Great Stuart-

street, Edinburgh.
1864. §Jenkins, Captain Griffith, C.B., F.R.G.S. Little Garth, Welsh-

pool.

1873. §.Jenkins, Major General J. J. 14 St. James 's-square, London,. S.W.
*Jenkyn8, Eev. Henry, D.D. The College, Durham.
Jennette, Matthew. 106 Conway-street, Birkenhead.

1852. JJennings, Francis M., F.G.S., M.R.I.A. Browu-streot, Corlc.

1872. jJennings, W. Grand Hotel, Brighton.

1870. JJerdon, T. C. (Care of Mr. H. S. King, 45 Pall MaU, London, S.W.)
*JeiTam, Rev. S. John, M.A. Chohham Vicarage, near Bagshot,

Sui-rey.

1872. JJesson, Thomas. 7 Upper Wimpole-street, Cavendish - square,

London, W.
Jessop, William, jun. Ihitterlev Hall, Derhvshire.

1870. *Jevons, W. Stanley, M.A., LL.D., F.R.S.^ Professor of Political

Economy in University College, London. The Chesnuts, Branch
Hill, Ha'mpstead Heath, London, N.W.

1872. *Joad, George C. Oakfield, Wimbledon, Surrey, S.W.
1S71. *Johnsou, David, F.C.S., F.G.S. Irvou Villa, Grosvenor-road,

Wrexham.
1865. *Johnson, G. J. 30 Waterloo-street, Birmingham.
1875. §Johnson, .Tames Henry, F.G.S. 3 Queen's-road, Southport.
1866. §Johnsou, John. Knighton Fields, Leicester.

1866. j.Tohuson, John G. 18a Basinghall-street, London, E.C.
1868. fJohnson, J. Godwin. St. Giles's-street, Norwich.
1872. jjohuson, J. T. 27 Dale-street, Manchester.
1861. j.Tohnson, Richai'd. 27 Dale-street, Manchester.
1870. §Johnson, Richard C. 28 Marine-crescent, W^aterloo, near Liverpool.
1863. JJohnson, R. S. Ilanwell, Fence Houses, Durham.

*Johnson, Thomas. The Hermitage, Frodsham, Cheshire.
1864. XJolnisoH, Thomas.
1861. jJohnson, William Beckett. Woodlands Bank, near Altrinchani.

1871. jJohnston, A. Keith, F.R.G.S. 1 Savile-row, London, W,
1864. jJohnston, David. 13 Marlhorough-huildiugs, Bath.
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1864. XJohnston, Edward,
1859. IJohnstou, James. NL^vmill, Elgin, N.B.
1864. fJohnston, James. Manor House, Northend, Hampstead, Lon-

don, N.W.
1870. §Johnston, John, M.D. Edinburgh.

•Johnstone, James. Alva House, Alva, by Stirling, N.B.
1864. iJohnstone, John. 1 Barnard-villas, Bath.

1876. §Johnstone, William. 5 Woodside-terrace, Glasgow.
1864. Jjollv, Thomas. Park View-villas, Bath.

1871. §Jolly, William (H.M. Inspector of Schools). Inverness, N.B.

1849. Jjones, Baynham. Selkirk Villa, Cheltenham.

1856. Jjones, G. \V. 7 Grosvenor-place, Cheltenham.
1854. j J&rtes, Eei\ Henry JI,

1854. iJb«es, John.

1864. §JoNES, John, E.G.S. Saltbm-n-by-the-Sea, Yorkshire.

1865. JJones, John. 49 Union-passage, Birmingham.
*Jones, Robert. 2 Castle-street, Liverpool.

1873. JJones, Theodore B. 1 Einsbury-circus, London, E.G.

1860. JJoNES, Thomas Eupeet, F.E.S., F.G.S., Professor of Geology

and Mineralogy, Eoyal Military and Staff Colleges, Sandhurst.

5 College-terrace, York Town, Surrey.

1847. JJoNES, Thomas Rymeb, E.R.S. 52 Comwall-road, Westbourne
Park, London, W.

1864. §Jones, Sir Willoughby, Bart.,F.R.G.S. Cranmer Hall, Fakenham,
Norfolk.

1876. *Jose, J. E. 3 Queen-square, Bristol.

*Joule, Benjamin St. John B. 28 Leicester-street, Southport, Lan-
cashire.

1842. *Joule, James Pbescott, LL.D., F.R.S., F.C.S. 343 Lower Brough-

ton-road, Manchester.

1847. JJowETT, Rev. B., M.A., Regius Professor of Greek in the University

of Oxford. Balliol College, Oxford.

1858. JJowett, John. Leeds.

1872. Jjoy, Algernon. 17 Parliament-street, W^estminster, S.W.
1848. *Joy, Rev. Charles Ashfield. Grove Parsonage, Wantage, Berkshire.

Joy, Rev. John Holmes, M. A. 3 Coloney-terrace, Tunbridge Wells.

*Jubb, Abraham. Halifax.

1870. JJudd, John Wesley, F.G.S. 6 Manor-view, Brixton, London, S.W.
1863. jJiJ^es, Rev. Andrew. Sprint/ Hank, Hull.

1868. *Kaines, Joseph, M.A., l).Sc. 13 Finsbury-place South, Loudon, E.G.

Kane, Sir Robert, M.D., F.R.S., M.R.I.A., Principal of the Royal
College of Cork. 51 Stephen's-gi'een, Dublin.

1857. JKavanagh, James W. Grenville, Rathgar, Leland.
1859. JKay, David, F.R.G.S. 19 Upper PhiUimore-place, Kensington,

London, W.
Kay, John Cunliff". Fairfield HaU, near Skipton.

*Kay, John Robinson. Walmersley House, Bury, Lancashire.

Kay, Robert. Haugh Bank, Bolton-le-Moors.

1847. *Kay, Rev. William, D.D. Great Leghs Rectory, Chelmsford.

1856. JKay-Shuttlewoi-th, Sir James, Bart. Gawthorpe, Burnley.

1872. JKeames, William M. 5 Lower-rock-gardens, Brighton.

1855. X^edcUe, William.

1875. iKeeling, George William. Tuthill, Lydney.
1866. |Keene, Alfred. Eastnoor House, Leamington.
1850. JKklland, Rev. Philip, M.A., F.R.S. L. & E., Professor of Mathe-

matics in the University of Edinburgh. 20 Clarendon-cre?cent,

Edinburgh.
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1876. §Kelly, Andrew G. The Manse, Alloa, N.B.
1864. *KeUy, \Y. M., M.D. 11 The Crescent, Taunton, Somerset.
1853. {Kemp, Rev. Henry William, B.A. The Charter House, Hull.
1876. §IvENi>rEDY, Alexander B.. W., C.E., Professor of Engineering in

University College, Loudon. 9 Bartholomew-road, London,
N.W.

1876. §Kennedy, Hugh. Redclyfte, Partickhill, Glasgow.
1857. XKenncdij, Lieut- Colonel John Pitt. 20 Torrington-square, Blooms-

hurij, London, W.C.
1865. JKenrick, William. Norfolk-road, Edgbaston, Birmingham.

Kent, J. C. Levant Lodge, Earl's Croonie, Worcester.
1857. JKent, William T., M.R.D.S. 51 Rutland-square, Dublin.
1857. JKenworth, James Ryley. 7 Pembroke-place, livei-jDool.

1857. *Ker, Andre Allen Murray. Newbliss House, Newbliss, Ireland.
1855. *Ker, Robert. Dougalston, Milugavie, N.B.
1876. §Kcr, A^llliam. 1 Windsor-terrace West, Glasgow.
1868. fKerrison, Roger. Crown Bank, Norwich.
18G9. *Ivesselmeyer, Charles A. 1 Peter-street, Manchester.
1869. *Kesselmeyer, William Johannes. 1 Peter-street, Manchester.
1861. *Keymer, John. Parker-street, Manchester.
1876. §Kidston, J. B. West Regent-street, Glasgow.
1876. §Kidston, William. Ferniegair, Helensburgh, N.B.
1865. *Kinahan, Edward Hudson. 11 Merrion-square North, Dublin.
1860. JKiNAHAN, G. Henry, M.R.I.A., Geological Survey of Ireland. 14

Hume-street, Dublin.
1858. XKincaid, Hcnnj Ellis, M.A. 8 Lyddon-terrace, Leeds.
1875, *Kinch, Edward, F.C.S. Agricultural College, Home Department,

Tokio, Japan. (Care of C. J. Kinch, Esq., Eaton Hasting,
Lechlade, Gloucestershire.)

1872. *Kiug, Mrs. E. M. 34 Cornwall-road, Westbourne Park, London, W.
1875. *King, F. Ambrose. Avonside, Cliftou, Bristol.

1871. *King, Herbert Poole. Theological College, Salisbury.
1855. JKing, James. Leveruliolme, Hurlet, Glasgow.
1870. §King, John Thomson, C.E. 4 Clayton-square, Livei-pool.

King, Joseph. Blundell Sands, Liverpool.
1864. §IviNG, Kelburne, M.D. 27 George-street, and Royal Institution.

Hull.
r= , J ,

1860. *King, Mervyn Kersteman. 10 ^'yvyan-terrace, Clifton, Bristol.
1875. *KiDg, Percy L. Avonside, Clifton,' Bristol.

Kin(i, Hcv. Samuel, M.A., F.H.A.S. St. Aubin's, Jevseij.

1870. JKing, William. 13 Adelaide-terrace, Waterloo, Liverpool.
King, William Poole, F.G.S. Avonside, Clifton, Bristol.

18G9. JKingdon, K. Taddiford, Exeter.
1861. JKmgsley, John. Ashfield, Mctoria Park, Manchester.
1876. §Kingston, Thomas. Strawborrv House, Chiswick, Middlesex.
1835. Kingstoue, A. Johu, M.A. Mosstown, Longford, Ireland.
1875. §Kingzett, Charles T., F.C.S. 23 Shaftesbury-terrace, Warwick-

road, Kensington, London, W.
1867. JKinloch, Colonel. Kirriemuir, Logic, Scotland.
1867. *I\JNXAiRD, The Hon. Arthur Fitzgerald, M.P. 1 Pall Mall East,

London, S.W. ; and Rossie Priory, Inchture, Perthshire.
1863. JKixNAiRD, The Right Hon. Lord., K.T., F.G.S. Rossie Prioiw, Inch-

ture, Perthshii-e.

Kinnear, J. G., F.R.S.H.
1870. JKinsman, William R. Branch Bank of England, Liverpool.
1863. jKirkaldy, David. 28 Bartholomew-road North, London, N.W.
1860. JKiRKMAx, Rev. Thomas P., M.A., F.R.S. Croft Rectory, near

Warrington.
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Kirkpatrick, Rev. W. B., D.D. 48 North Great George-street, Dublin.
1876. 'Kirkwood, Anderson, LL.D, 12 Windsor-terrace West, Ililllicad,

Glasgow.
1875. §Kirsop, John. G Queen's-cresceut, Glasgow.
1870. JKitchener, Frank K. Rugbj'.
1809. JKnapinan, Edward. The Vineyard, Castle-street, Exeter.
1870. JKneeshaw, Henry. 2 Gambier-terrace, Liverpool.
18,3G. Knipe, J. A. Botcherby, Carlisle.

1872. 'Ivnott, George, I.L.B.,'F.R.A.S. Cuckfield, Haj-svard's Heath,
Sussex.

1873. *Kiiowles, George. Moorhcad, Shipley, Yorkshire.
1872. JKnowles, James. The Hollies, Clapham Common, S.W.
1842. Knowles, John. Old Trailbrd Bank House, Old Trafford, Manchester.
1870. J7i.Mo«f?es, Hev. J. L.
1874. §Knowles, William James. Ciillybackey, Belfast, Ireland.
1876. §Knox, David N., M. A., M.B. 8 lielgrave-terrace, Hillhead, Glasgow.

*Knox, George James. 2 Portland-terrace, Regent's Park, London,
N.W. '

1835. Knox, Thomas B. Union Club, Trafalgar-square, London, W.G.
1876. *Knubley, E. P. Steeple Ashton Vicarage, Trowbridge.
1870. JKynaston, Josiah W. St. Helens, Lancashire.
1865. JKynnersley, J. C. S. The Levere'tts, Handsworth, Birmingham.

1858. §Lace, Francis John. Stone Gapp, Cross-hill, Leeds.
18G2. XLackerstein, Br.
1359. §Ladd, William, F.R.A.S. 11 & 13 Beak-street, Recent-street, Lon-

don, W.
1850. tLaing, David, F.S.A. Scotl. Signet LibraiT, Edinburah.
1870. tLaird,H.H. Birkenhead.

Laird, John, M.P. Hamilton-square, Birkenhead.
1870. §Laird, John, Urn. Grosvenor-road, Claughtou, Birkenhead.
1859. jLalor, John Joseph, M.R.I.A. 2 Longford-terrace, Monkstown, Co.

Dublin.

1846. *Laming, Richard. High-street, Arundel.
1870, JLamport, Charles. LTpper Norwood, Surrey, S.E.
1871. JLancaster, Edward. Karesforth Il.all, Barnsley, Yorkshire.
1859. tLang, Rev. John Mai-shall. Bank House, Morningside, Edinburoh.
1864. §Lang, Robert. Mancombe, Henbury, Bristol.

"^

1870. JLangton, Charles. Barkhill, Aigburth, Livei-pool.
*Langton, William, Docklands, Ligatestoue, Essex.

1865. JLankester, E. Ray, M.A., F.R.S., Professor of Comparative Ana-
tomy and Zoology in University College, London. Exeter
College, Oxford.

Lanyon, Sir Charles. The Abbey, White Abbey, Belfast.
*T AT,,-,^-.r nvr^;^,. r!„,.„„„i t;,. rn„„ » v; . t- y~.

1801. *Latham, Arthur G. Lower King-street, Manchester.
1870. *Latham, Baldwin. 7 "^^^estnliu,5ter-chambers, AVestminster, S.W.
1870. JLaughton, John Knox, M.A., F.R.A.S., F.R.G.S. Royal Naval

College, Portsmouth.
1875. JLavington, William F. 107 Pembroke-road, Clifton, Bristol.
1870. 'Law, Channell. 5 Champio2i-park, Camberwell, London, S.E.
1857. JLaw, Elugh, Q.C. 4 Great Denmark-street, Dublin.
1SG2. JLaw, Rev. James Edmund, M.A. Little Shelford, Cambridgeshire.

Lawley, The Hon. Francis Charles. Escrick Park, near York.
Lawley, The Hon. Stephen Willoughby. Escrick Park, near Yorlc.

1370. ^Lawrence, Edward. Aigburth, Liverpool.
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1875. |Law3on, George, Ph.D., LL.D., Professor of Chemistry and Botany.

Halifax, Nova Scotia.

1869. XLawson, Henry. 8 Nottingham-place, London, W.
1857. fLawson, The Right Hon. James A., LL.D., M.R.I.A. 27 Fitzwilliam-

street, Dublin.

1876. §LawsoH, John. Cluny Hill, Forres, N.B.
1868. *La\vson, M. Alexander, M.A., F.L.S., Professor of Botany, in the

University of O.xford. Botanic Gardens, Oxford.

1863. JLawton, Benjamin C. Neville Chambers, 44 Westgate-street,

Newcastle-upon-Tyne.
1853. JLawton, William. 5 Victoria-terrace, Derringham, Hull.

1865. {Lea, Henry. 35 Paradise-street, Birmingham.
1857. {Leach, Capt. R. E. Mountjoy, Phoenix Park, Dublin.

1870. *Leaf, Charle.9 John, F.L.S.,"F.G.S., F.S.A. Old Change, London,
E.C. ; and Painshill, Cobliam.

1847. *Leatham, Edward Aldam, M.P. AVhitley Hall, Huddersfield

and 46 Eaton-square, London, S.W.
*Leather, John Towlertou, F.S.A. Leventliorpe Hall, near Leeds.

1858, {Leather, John W. Newton Green, Leeds.

1863. {Leavers, J. W. The Park, Nottingham.
1872. {Lebouh, G. A., F.G.S. Weedpark House, Dipton, Lintz Green, Co.

Durham.
1858. *Le Cappelaiu, John. Wood-lane, Highgate, London, N.
1858. {Ledgard, William. Potter Newton, near Leeds.

1842. Lee, Daniel. Springfield House, Pendleburj', Manchester.

1861. {Lee, Henry. Irwell House, Lower Broughton, Manchester.

1853. *Lee, Johx Edward, F.G.S., F.S.A. Villa Syracusa, Torquay.

1859. {Lees, William. Link Vale Lodge, Viewforth, Edinburgh,
*Leese, Joseph. Glenfield, Altriucham, Manchester.

*Leeson, Henry B., M.A., M.D., F.R.S., F.C.S The Maples, Bon-
church, Isle of Wight.

1872. {Lefevre, G. Shaw, KP., F.R.G.S. 18 Spring-gardens, London,
S.W.

*LEFRoy, Major-General J. Henry, C.B., R.A., F.R.S., F.R.G.S.,
Governor of Bermuda. Bermuda.

*Legh, Lieut.-Colonel George Cornwall, M.P. High Legh Hall,

Cheshire ; and 43 Cm-zon-street, Mayfair, London, W.
1869. {Le Grice, A. J. Trereife, Penzance.

1868. {Leicester, The Right Hon. the Earl of. Holkhani, Norfolk.

1856. {Leigu, The Right Hon. Lord, D.C.L. 37 Portman-square, London,
W. ; and Stoneleigh Abbey, Kenilworth.

1861, *Leigh, Henry. Moorfield, Swinton, near Manchester.

1870. {Leighton, Andrew. 35 High-park-street, Liverpool.

18(37. §Leishman, James. Gateacre Hall, Liverpool.

1870. {Leister, G. F. Gresbourn House, Liverpool.

1859. {Leith, Alexandei'. Glenkindie, Inverkindie, N.B.

1863, *Lendy, Captain Auguste Frederic, F,L.S., F.G.S, Sunbury
House, Sunbury, Middlesex.

1867. {Leng, John. ' Advertiser ' Office, Dundee.
1861. {Lennox, A. C. W. 7 Beaufort-gardens, Brompton, Loudon, S.W.

Lentaigiie, John, M.D. Tallaght Plouse, Co. Dublin ; and 34 Great
Dominick-street, Dublin.

Lentaigne, Joseph. 12 Great Denmark-street, Dublin.

1871. §Leonard, Hugh, F.G.S., M.R.I.A., F.R.G.S.I, Geological Survey
of Ireland, 14 Hume-street, Dublin.

1874. {Lepper, Charles W. Laurel Lodge, Belfast.

1861. {Leppoc, Henry Julius. Kersal Crag, near M.auchester,

I
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1872. §Lerniit, llev. Dr. School House, Uedham.
1871. {Leslie, Alexander, C.E. 72 George-street, EdiuLurgh.
18o6. {Leslie, Colonel J. Forbes, liothienornian, Aberdeenshire.
18.52. {Leslie, T. E. Cliffe, LL.B., Professor of Jurisprudence and Political

Economj-, Queen's College, Belfast.

187G. §Leveson, Edward John. Cluny, Sydenham Hill, Glasgow.
18GG. §Levi, Br. Leone, F.S.A., F.S.S., F.E.G.S., Professor of Commercial

Law in King's College, London. 5 Crown Office-row, Temple,
London, E.G.

1870. {Lewis, Alfred Lionel. 1.51 Church-road, De Beauvoir Town,
London, N.

1853. {Liddell, George William Moore. Sutton House, near Hull,
18G0. {Liddell, The Very Eev. H. G., D.D., Dean of Christ Church,

Oxford.
1855. XLidddl, John.

1876. §Lietke, J. 0. 30 Gordon-street, Glasgow.
18-59. XLigerhcoocl, George.

1864. {LiGHTBODY, Robert, F.G.S. Ludlow, Salop.
1862. {LiLFORD, TheRight Hon. Lord,F.L.S. Lilford Hall,0andle, North-

amptonshire.
•LimiRicK, Charles Graves, D.D.,M.R.LA., Lord Bishop of. The

Palace, Henry-street, Limerick.
*Lindsay, Charles. Ridge Parle, Lanark, N.B.

1855. *Lindsay, John H.
1871. *LiNDSAY, The Right Hon. Lord, M.P. 47 Brook-street, London, W.
1871. XLindsay, Eev. T. M. 7 Great Stuart-street, Edinburqh.
1870. {Lindsay, Thomas, F.C.S. 288 Renfrew-street, Glasgow.
1842. *Lw(jard, John B., F.G.S. Mat(field, Shortlands, Bromley, Kent.

Lingwood, Robert M., M.A., F.L.S., F.G.S. 1 Derby-villas, Chel-
tenham.

1876. §Linn, James. Livingstone, Mid-Calder, N.B.
Lister, James. Liverpool Union Bank, Livei-pool.

1873. *Lister, Samuel Cunliffe. Farjield Hall, Addiiu/ham, Leeds.
1870. §Lister, Thomas. Victoria-crescent, Barnsley,' Yorkshire.
1876. §Little, Thomas Evelyn. 42 Brunswick-street, Glasgow.

Littledale, Harold. Liscard Hall, Cheshire.
*LiVEiNG, G. D., M.A., F.C.S., Professor of Chemistry in the Uni-

versity of Cambridge. Cambridge.
1876. *Liyersidge, Archibald, F.C.S., F.G.S. The University, Sydney.

(Care of Mr. Bain, 1 Haymarket, London, W.)
1864. §Livesa}', J. G. Cromarty House, Ventnor, Isle of Wight.
1860. XLivinffstone, liev. Thomas Gott, Minor Canon of Carlisle Cathedral.

Lloyd, Rev. A. R. Ilengold, near Oswestry.
Lloyd, Rev. C, M.A. Whittington, Oswestry.

1842. Lloyd, Edward. King-street, Manchester.
1865. {Lloyd, G. B. Edgbaston-grove, Birmingham.

*Lloyd, George, M.D., F.G.S. Park Glass AVorks, Birmingham.
•Lloyd, Rev. HmtPiiREY, D.D., LL.D., F.R.S. L. & E., M.R.I.A.,

Provost of Trinity College, Dublin.
1870. {Lloyd, James. 16 Welfield-place, Liverpool.

1870. {Lloyd, J. H., M.D. Anglesey, North Wales.
1865. {Lloyd, John. Queen's College, Birmingham.

Lloyd, Rev. Rees Lewis. Beljier, Derbyshire.
1865. *Llovd, Wilson. Myrod House, Wednesburv.
1854. *LoBLEY, James Logax, F.G.S., F.R.G.S. 59 Clnreudon-road, Ken-

sington, London, W.
1853. *Locke, John. 133 Leinster-road, Dublin.

1861.
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1867. *Locke, John. 83 Addison-road, Kensington, London, W.
1872. JLocKE, John, M.P. 63 Eaton-place, London, S.W.
1863. fLocKYT.R, J. Norman, F.R.S., F.R.A.S. 16 Penywern-road, South

Kensington, London, S.W.
1875. *Lodge, Oliver J., B.Sc. The Watland, Longport, Staffordshire.

1868. tLogin, Thomas, C.E., F.R.S.E. India.

1862. JLong, Andrew, M.A. lOng's College, Cambridge.
1876. §Long, H. A. Charlotte-street, Glasgow.
1872. jLong, Jeremiah. 50 Marine Parade, Brighton.

1871. *Long, John Jex. 727 Duke-street, Glasgow.
1851. Jliong, William, F.G.S._ Hurts Hall, Saxmundham, Suffolk,

1866. §Longdon, Frederick, ijuamdur, near Derby.
1857, JLougfield, Rev. George, D.D. Trinity College, Dublin.

LoNGFiELD, MouNTiFORT, LL.D., M.R.I.A., Regius Professor of
Feudal and English Law in the University of Dublin. 47 Fitz-
william-square, Dublin.

1861. *Longman, William, F.G.S. 36 Hyde Park-square, London, W.
1859. |Longmuir, Rev. John, M.A., LL.D. 14 Silver-street, Aberdeen.

Longridge, William S. Boyno Grove, Maidenhead, Berks.

1875, *Longstaff, George Blundell/M.A., M.B., F.C.S. Southfield Grange,
Wandsworth, S.W.

1871. §Longstaff, George Dixon, M.D., F.C.S. Southfields, Wandsworth,
S.W. ; and 9 Upper Thames-street, London, E.C.

1872. *Longstaff, Lieut-Colonel Llewellyn Wood, F.R.G.S. Reform Club,
Pall Mall. London, S.W.

1875. §Lonsdale, N. Lowenthal. The Firs, Westbury P.irk, Redlanda,
Bristol.

1861. *Lord, Edward. Adamroyd, Todmorden.
1863. JLosh, W. S. Wreay Syke, Carlisle,

1876. *Love, James, F.R.A.S. Talbot Lodge, Bickerton-road, Uppar
Ilolloway, London, N.

1875. *Lovett, W. J. 96 Lionel-street, Birmingham.
1867. *Low, James F. Monifieth, by Dundee.
1863, *Lowe, Lieut.-Colonel Arthur S. H., F.R.A.S, 76 Lancaster-gate,

London, W.
1861, *Lowj:, Edward Joseph, F.R.S., F.R.A.S., F.L.S., F.G.S.,F,M.S

Ilighfield House Observatory, near Nottingham.
1870. JLowe, G. C. 67 Cecil-street, Greenheys, Manchester.
1868. JLowe, John, M,D. King's Lynn.
1850. jLowe, William Henry, M.D.,' F.R.S.E. Balgreen, Slateford, Edin-

burgh.

1853, *LuBBOCK, Sir John, Bart., M.P.,F.R.S.,F.L.S.,F,G,S, High Elnia,
Farnborough, Kent.

1870. jLubbock, Montague. High Elms, Farnborough, Kent,
1849. *lAickcock', Howard. Oak-hill, Edgbaston, Birmingham.
1875. §TiUcy, W. C, F.G.S. The Winstones, Brookthorpe, Gloucester,
1807. *Luis, John Henry. Cidhmore, Dundee.
1873. JLumley, J. Hope Villa, Thorubury, near Bradford, Yorkshire.
1806. *Lund, Charles. 48 Market-street, IBradford, York-shire.

1873. {Lund, Joseph. Ilkley, Yorkshire.

1850. *Lundie, Cornelius. Tweed Lodge, Charles-street, Cardiff.

1853. JLunn, William Joseph, M.D. 23 Charlotte-street, Hull.
1858. *Liipton, Arthur, Headingley, near Leeds.
1804. *Lupton, Darnton. The Ilarehills, near Leeds.
1874. *Lupton, Sydney. Harrow.
1864. *Lutley, .John. Brockhampton Park, Worcester.
1866. :t:LYCETT, Sir Francis, 18 Highbury-grove, London, N.
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1871. JLyell, Leonard. 42 Regent's Park-road, London, N.W.
]874. JLvnam, James, C.E. Ballinasloe, Ireland.

1857. JLyons, Robert D., F.R.C.P.I. 8 Merrion- square West, Dublin,

18G2. *Lyte, F. Maxwell, F.C.S. G Cit(5 de Retiro, Faubourg St. Ilonore,

Paris.

1852. JMacAdam, Robert. 18 College-square East, Belfast.

1854. *Macadam, Stevenson, Ph.D., F.R.S.E., F.C.S., Lecturer on
Chemistry. Surgeons' Hall, Edinburgh ; and Brighton House,
Portobello, by Edinburgh.

1876. §M-Adani, William. 30 St. Vincent-crescent, Glasgow.
1876. 'Macadam, William Ivison. Surgeons' Hall, Edinburgh.
1868. JMacvlister, Alexander, M.D., Professor of Zoology in the Uni-

versity of Dublin. 1.3 Adelaide-road, Dublin.

1868. JM'Allan, \V. A. Norwich.
1866. *M'Arthur, A., M.P. Raleigh Hall, Brixton Rise, London, S.W.
1840, Macaulay, James A. M., M.D. 22 Cambridge-road, Kilburn, London,

N.W.
1871. JM'Bain, James, M.D., R.N. Logic Villa, York-road, Trinity, Edin-

burgh,

*MacBraj'ne, Robert. Messrs. Black and Wingate, 5 Exchange-
square, Glasgow.

1866. JM'Callan, Rev. J. F., M.A. Basford, near Nottingham.
1855. tM'Crt//ww?, Archibald K., M.A.
1863. tM'Calmont, Robert. Gatton Park, Reigate.

1855. JM'Cann, Rev. James, D.D., F.G.S. 18 Shaftesbury-teiTace, Glasgow.
1876. *M'Clelland, A. S. 4 Crown-gardens, Dowanhill, Glasgow.
1840. M'Clelland, James, F.S.S. 32 Pembridge-square, London, W.
1868. JM'Clintock, Rear-Admiral Sir Francis L.,R.N.,F.R.S.,F.R.G.S.

United Service Club, Pall Mall, London, S.W.
1872. 'M^Clure, J. II. 10 Esplanade, Waterloo, Liverpool,

1874. JM'Clure, Sir Thomas, Bart. Belmont, Belfast.

•M'Connel, James. Moore-place, Esher, Surrev.

1859. *M'Connell, David C, F.G.S. 44 Manor-place', Edinburgh,
18.58. JM'Connell, J. E. Woodlands, Great Missenden.

1876, §M'Culloch, Richard, 109 Douglas-street, Blythswood-square, Glas-
gow.

1871, JM'Donald, William, Yokohama, Japan, (Care of R. K. Knevitt,
Esq., Sun-court, Cornhill, E.C.)

MacDonnell, Hercules H. G. 2 Kildare-place, Dublin,
*M''Ewan, John, 9 Melville-terrace, Stirling, N.B.

18-59. fMacfarlane, Alexander. 73 Bon Accord-street, Aberdeen,
1871. §M'Farlane, Donald. The College Laboratory, Glasgow.
1855. *Macfarlane, Walter. 22 Park-circus, Glasgow.
1854. *Macfie, Robert Andrew. 13 Victoria-street, Westminster, S.W,
1807. *M'Gavin, Robert. Ballumbie, Dundee.
1855. JMacGeorge, Andrew, jun. 21 St. Vincent-place, Glasgow.
1872. JM-^George, Mungo. ISfithodale, Laurie-park, Sydenliam, S.E.
1873. JMcGowen, William Thomas, Oak-avenue, Oak Mount, Bradford,

Yorkshire.

1855. pi'Gregor, Alexander Bennett. 19 Woodside-crescent, Glasgow,
1855. JMacGregor, James Watt. 2 Laurence-place, Particle, Glasgow.
1876. §M'Grigor, Alexander B. 19 Woodside-terrace, Glasgow.
1859. iM'IIardv, David. 54 Netherkinlcgate, Aberdeen.
1874. JMacIlwaiuo, Rev. William, D.D., M.R.I. A. Ulsterville, Belfast.

1876. §Macindoc, Patrick. 9 Somerset-place, Glasgow.
1859. |Macintosli, John. Middlefield House, AVoodside, Aberdeen.

E
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1867. *M'=Intosh, W. 0., M.D., F.L.S. Murthly, Perthshire.

1854. *MaclTer, Charles. 8 Abercromby-square, Liverpool.

1871. JMaclvay, Rev. A., LL.D., F.R.G.S. 2 Hatton-place, Grange, Edin-
burgh.

1873. prdvENDEiOK, John G.,M.D., F.R.S.E. 2 Chester-street, Edinburg-h.

1865. jMackeson, Henry B., F.G.S. Hythe, Kent.
1872. *Mackey, J. A. 24 Buckingham-place, Brighton.

1867. §Mackie, Samuel Joseph, F.G.S. 84 Kensington Park-road, Lon-
don, W.

*Mac]dulay, David. Great Western-terrace, Hillhead, Glasgow.
1865. ^Mackintosh, Daniel, F.G.S. 36 Derby-road, Higher Tranniere, Birk-

enhead.

1850. piacknight, Alexander. 12 London-street, Edinburgh.
1867. JMacksou, H. G. 25 Cliff-road, Woodhouse, Leeds.

1872. *]McLachlan, Robebt, F.L.S. 39 Limes-grove, Lewisham, S.E.
1873. JMcLandsborough, John, C.E., F.R.A.S., F.G.S. Shipley, near Brad-

ford, Yorkshire.

1860. IMaclaren, Archibald. SummortoTra, Oxfordshire.

1861. IMacLauen, Duncan, M.P. Newiugton House, Edinburgh.
1873. JMacLaren, Walter S. B. Newiugton House, Edinburgh.
1870. §M'Lean, Charles. 6 Claremont-terrace, Glasgow.
1876. §M'Lean, Mrs. Charles. Claremont-terrace, Glasgow.
1859. JMaclear, Sir Thomas, F.R.S., F.R.G.S., F.R.A.S., late Astronomer

Royal at the Cape of Good Hope. Cape Town, South Africa.

1862. JMacleod, Ileniy Dunning. 17 Gloucester-terrace, Campden-hill-road,
Ijondon, W.

1868. §M'Leod, IlEiiBEnT, F.C.S. ' Indian Civil Engineering College,
Cooper's Hill, Egham.

1875. JMacliver, D. 1 Broad-street, Bristol.

1875. JMacliver, P. S. 1 Broad-street, Bristol,

1861. *Maclure, John William. 2 Bond-street, Manchester.
1862. IJMacmillau, Alexander. Streatham-lane, Upper Tooting, Surrey, S.'\^'.

1874. §MacMordie, Hans, M.A. 8 Donegall-street, Belfast.

1871. JM'Xab, William Ramsay, M.D., Professor of Botany in the Royal
College of Science, Dublin. 4 Vernon-parade, Clontarf, Dublin.

1870. |Macnaught, John, M.D. 74 Huskisson-street, Liverpool.

1867. pi'Neill, John. Balhousie House, Perth.

MacNeill, The Right Hon. Sir John, G.C.B., F.R.S.E., F.R.G.S,
Grauton House. Edinburgh.

MacNeill, Sir John, LL.D., F.R.S., M.E.LA. 17 The Grove, South
Kensington, London, S.^^''.

1859. XMacjiJierson, Hev. W. Kihnnir Easter, Scotland.

1852. 'Macrory, Adam .Tohn. Duncairn, Belfast.

*Macrory, Edjiund, M.A. 40 Leinster-square, Bayswater,London,W.
1876. §Mactear, James. 16 Burnbank-gardens, Glasgow.
1855. pi'Tvre, William, M.D. Mavbole, Avr.shire.

1855. jMAC^^CAR, Rev. John Gibson, D.D.', LL.D. MoiFat, N.B.
1868. JMagnay, F. A. Drayton, near Norwich.
1875. *Magiius, Philip. 2 Portsdown-road, London, W.

Magor, J. B. Redruth, Cornwall.

1869. §Main, Rev. R., F.R.S., F.R.A.S., Director of the RadclifFe Observa-
tory, Oxford.

1869. JM«m, ItoheH. AdmiralU/, Somerset House, W.C.
1866. §Major, Richard Henby, F.S. A., F.R.G.S. British Museum, Lon-

don, W.C.
*Malahide, The Right Hon. Lord Talbot be, :M.A., F.E.S., F.G.S.,

F.S.A. ?.ralaliide Castle. Co. Dublin.
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•Malcolm, Frederick. Jforden College, Blackheatli, London, S.E.

1870. Malcolm, Sir James, Eart. The Frioiy, St. Michael's Hamlet,
Aigburth, Liverpool.

1874. §Malcolmsou, A. B. Friends' Institute, Belfast.

18G3. jMaling, C. T. Lovaiue-crescent, Newcastle-on-Tjme.
1867. jMallet, John William, Ph.D., F.C.S., Professor of Chemistry in the

University of Virginia, U.S.
•Mallet, Robert, Ph.D., F.E.S., F.G.S., M.R.I.A. Enmore, The

Grove, Clapham-road, Clapham ; and 7 Westminster-chambers,
Victoria-street, London, S.W.

1876. §Malloch, C. 7 Blythwood-sqnare, Glasgow.

1846. JManby, Chakles, F.R.S., F.G.S. 60 Westbom-ne-terrace, Hyde
Park, London, W.

1870. JManifold, W. H. 45 Rodney-street, Liverpool.

1866. §Mann, Robert James, M.D., F.R.A.S. 5 Kingsdown-villas, Wands-
worth Common, S.W.

Manning, His Eminence Cardinal. 8 York-place, Portman-square,
London, W.

1868. ^Manning, John. Waverley-street, Nottingham.

1864. JMansel, J. C. Long Thoriis, Blandford.

1870. fMarcoartu, Senor Don Artiiro de. Madrid.

1864. JMabkiiam, Clemexts R., C.B., F.R.S., F.L.S., F.R.G.S., F.S.A.
21 Eccleston-square, Pimlico, London, S.W.

1863. piarley, John. Mining Office, Darling-ton.

•Marling, Samuel S., ^I.P. Stanley Park, Stroud, Gloucestershire.

1871. §Marreco, a. Frtere-. College of Phvsical Science, Newcastle-oii-
Tyne.

Marriott, John.

1857. §Marriott, AVilliam, F.C.S. Grafton-street, Huddersfield.

1842. Marsden, Richard. Norfolk-.=<treet, Manchester.

1870. |Marsh, John. Rami Lea, Rainhill, Liverpool.

1865. JMarsh, J. F. Hardwick House, Chepstow.

1856. XMarsh, M. H.
1864. JMarsh, Thomas Edward Miller. 37 Grosvenor-place, Bath.

1852. ^Marshall, James D. Holywood, Belfast.

1876. §Marsliall, Peter. 6 Parlcgrove-terrace, Glasgow.

1858. I Marshall, Reginald Dykes. Adel, near Leeds.

1849. 'Marshall, William P.' 6 Portland-road, Edgbaston, Birmingham.
1865. § Marten, Edward Bindox. Pedmore, near Stourbridge.

1848. JMartin, Henry D. 4 Imperial-circus, Cheltenham.

1871. jMartin, Rev. Hugh, M. A. Greenhill Cottage, LasswadebvEdinburgh.
1870. J Martin, Robert, M.D. 120 Upper Brook-street, Manchester.

1836. Martin, Studley. 177 Bedford-street South, Liverpool.

1867. •Martin, William, jun. 3 Airlie-place, Dundee.
•Martindale, Nicholas. Berryarbor, Ufracombe.

•Martineau, Rev. James, LL.D., D.]t. 5 Gordon-street, Gordon-
square, Ijondon, W.C.

1865. ^Martineau, R. F. Highfield-road, Edgbaston, Birmingham.
1865. jMartineau, Thomas. 7 Cannon-street, Birmingliam.

1875. JMartyn, Samuel, M.D. 8 Bucki^ghaul-^illas, Clifton, Bristol.

1847. JMaskelyne, Nevil Story, M.A., F.R.S., F.G.S., Keeper ot the
Mineralogical Department, British JMusenm ; and Professor of
Mineralogy ii| the University of Oxford. 112 Gloucestei'-terrace,

Hyde-park-gardens, London, W.
1861. 'Mason,' Hugh. Groby Lodge, Ashton-under-Ljme.

1868. JMason, James Wood, F.G.S. The Indian Museum, Calcutta. (Care
of Messrs. Henry S. King & Co., 65 Cornhill, London, E.C.j

£ 2
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1876. §Mason, llobert. Glasgow,

1876. §Mason, Stephen. 9 Rosslyn-terrace, Hillliead, Glasgow.

Massey, Hugh, Lord. Hermitage, Castleconnel, Co. Limerick.

1870. XMassey, Thomas. 5 Grai/s-Iim-square, London, W. C.

1870. JMassy, Frederick. 50 Grove-stroet, Liverpool.

1876. §Matheson, John. Eastfield, Rutherglen, Glasgow.

1865. *Mathews, G. S. Portland-road, Edgbaston, Birmingham.

1861, *Mathews, William, M.A., F.G.S. 49 Ilarborne-road, Birming-
ham.

1876. *Mathieseu, John, Jan. Cordale, Renton, Glasgow.

1865. IMatthews, C. E. Waterloo-street, Birmingham.

1858. JMatthews, F. C. jNIandre Works, Driffield, Yorkshire,

1860. §Matthews, Rev. Richard Brown. Shalford Vicarage, near Guild-

ford.

1863. JMaughan, Rev. W. Benwell Parsonage, Newcastle-on-Tyne.

1865. *]\L4.w, George, F.L.S., F.G.S., F.S.A. Benthall Hall, Broseley,

Shropshire.

1876. §Maxton, John. 6 Belgrave-terrace, Glasgow.

1864. *Maxwell, Francis. Dunragit, Wigtownshire.
'Maxwell, James Clerk, M.A., LL.D., F.R.S.L. & E., Professor of

Experimental Physics in the University of Cambridge. Glenlair,

Dalbeattie, N.B.; and 11 Scroope-terrace, Cambridge.

*Maxwell, Robert Perceval. Groomsport House, Belfast.

1865. *May, Walter. Elmley Lodge, Harborne, Birmingham.

1808. JMayall, J. E., F.C.S. Stork's-nest, Lancing, Sussex.

18G3. §Mease, George D. Bylton Villa, South Shields.

1871. jMeikie, James, F.S.S. 6 St. Andrew's-square, Edinburgh.

1867. JMeldrum, Charles, M.A., F.R.S. Port Louis, Mauritius.

1866. JMello, Rev. J. M., M.A., F.G.S. St. Thomas's Rectorj^, Brampton,
Chesterlield.

1854. |Melly, Charles Pien-e. 11 Rumford-street, Liverpool.

1847. ^Melville, Professor Alexander Gordon, M.D. Queen's College,

Galway.
1863. jMehin, Alexander. 42 Buccleuch-place, Edinburgh.

1862. §Mennell, Henry J. St. Dunstan s-buildings, Great Tower-street,

London, E.C.

1868. §Merrifield, Charles W., F.R.S. 20 Girdler's-road, Brook Green,
London, W.

1872. JMerr^-weather, Richard M. Clapham House, Clapham Common,
London, S.W.

1871. JMerson, John, Northumberland County Asj-lum, Morpeth,
1872. *Messent, John. 429 Strand, London, W.C.
1863. JMessent, P. T. 4 Northumberland-terrace, Tynemouth.
1809. JMiall, Louis C. Philosophical Hall, Leeds".

1865. jMichie, Alexander. 26 Austin Friars, London, E.C.

1865. JMiddlemore, William. Edgbaston, Birmingham.
1876. 'Middleton, Robert T. 197 West George-street, Glasgow.
1866. JMidgley, John. Colue, Lancashire.

1807. JMidgley, Robert. Colne, Lancashire.

1859. JMillar,"John, J.P. Lisburn, Ireland.

1863, jMillar, John, M.D., F.L.S., F.G.S. Bethnal House. Cambridge-road,
London, E.

Millar, Thomas, M.A., LL.D., F.R.S.E. ^erth.

1876. §j\Iillar, William. Ilighfield House, Dennistoun, Glasgow.
1876. §Millar, W. J. 145 Hill-street, Garnethill, Glasgow.
1876. §Miller, Daniel. 258 St. George's-road, Glasgow.
1875, JMille?, George. Brentry, near Bristol,
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1865. IMiller, Rev. Canon J, C, D.D. The Vicarage, Greenwich,
S.E.

1861, *Miller, Robert. Broomfield House, Reddish, near Manchester.

1876. *Miller, Robert. 1 Lily Rank-terrace, Ilillhead, Glasgow.
1876. §Miller, Thomas Paterson. Morriston House, Canibuslang-, N.B.

MiLLEn, Wii-LiAM Hallows, M.A., LL.l)., F.R.S., F.G.S., Pro-

fessor ofMineralogy in the University of Cambridge. 7 Scroopc-
terrace, Cambridge.

1868. *Milligan, Joseph, F.L.S., F.G.S., F.R.A.S., F.R.G.S. 6 Craven-
street, Strand, London, W.O.

1842. Milligan, Robert. Acacia in Rawdon, Leeds.

1868. §MiLLS, Edmund J., D.Sc, F.R.S., F.C.S., Young Rrofessor of

Technical Cheniistrj' in Anderson's University, Glasgow. 234
East George-street, Glasgow.

*Mills, John Robert. 11 Boothani, York.
Milne, Admii-al Sir Alexander, G.C.B., F.R.S.E. 65 Rutland-gate,

London, S.AV.

1867. JMilne, James. Murie House, Errol, by Dundee.

1867. *MiLNE-IIoME, David, M.A., F.R.S.E., F.G.S. 10 Y''ork-place,

Edinburgh.
1864. *MiLTON, The Right Hon. Lord, F.R.G.S.

_
17 Grosvenor-street,

London, W. ; and Wentworth, Yorkshire.

1865. JMinton, Samuel, F.G.S. Oakham House, near Dudley.

1855. JMirrlees, James Buchanan. 45 Scotl.ind-street, Glasgow.
1859. JMitchell, Alexander, M.D. Old Rain, Aberdeen.

1876. §Mitchell, Andrew. 20 Woodside-place, Glasgow.
1863. tMitchell, C. AVallcer. Newcastle-on-Tyne.

1873. JMitchell, Henry. Parkfield House, Bradford, Yorkshire.

1870. §Mitchell, John. York House, Clitberoe, Lancashii'o.

1868. §Mitchell, John, jun. Pole Park House, Dundee.
1862. *Mitchell, William Stephen, LL.B., F.L.8., F.G.S. Caius Colleyc,

Camhvidge.

1855. *Moffat, John, C.E. Ardrossan, Scotland.

1854. §MoFrAT, Thomas, M.D., F.G.S., F.R.A.S., F.M.S. Hawarden,
Chester.

1864. tMogg, John Rees. High Littleton House, near Bristol.

1866. §MoGGRiDGE, Matthew, F.G.S. 8 Bina-gardens, South Kensington,
London, S.W.

1855. §]Moir, James. 174 Gallogate, Glasgow.
1861. IMolesworth, Rev. W. N., M.A. Spotlaud, Rochdale,

Mollan, John, M.D. 8 Fitzwilliam-square North, Dublin.

1852. JMolony, William, LL.D. Cariickforgus.

1865. §MoLYNEUx, William, F.G.S. Branstou Cottage, Burton-upon-
Trent.

1860. JMonk, Rev.William, M.A., F.R.A.S. Wymington Rectory, Higham
Ferrers, Northamptonshire.

1853. JMonroe, Henry, M.D. 10 North-street, Sculcoates, Hull.

1875. §Montgomerie, "Major Thomas George, R.E., F.R.S., F.R.G.S., Deputy
Superintendent of the Great Trigonometrical Survey of India,

Athenaeum Club, London, S.W,
1872, §Montgomery, R. Mortimer, 3 Porchester-placc, Edgewarc-road,

London, W,
1872. jMoon, W., LL.D. 104 Queen's-road, Brighton.

1859, jMooBE, Charles, F.G.S. 6 Cambridge-terrace, Bath,
1874, §Moore, David, F.L.S. Glasnevin, Dublin.

1857. jMoore, Rev. John, D.D. Clontarf, DubUn.
Moore, John, 2 Meridian-place, Clifton, Bristol,
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*MoonE, John CARnicK, M.A., F.E.S., F.G.B. 113 Eaton-sq^uaie,

London, S.W. ; <ancl Corswall, AVigtonsliire.

1866. *MooRr;, Thomas, F.L.S. Botanic Gardens, Chelsea, London, S.W.

1854, |MooHE, Thomas John, Cor. M.Z.S. Free Public Museum, Liver-

pool.

1857. *Moore, Eev. William Prior. The Royal School, Cavan, Ireland.

1871. JMoEK, Alkxandee, F.L.S., M.R.I.A. 3 Botanic View, Glasnevin,

Dublin.

1873. §Morgau, Edward Delmnr. 15 Rowland-gardens, London, W.
18G8. XMuryan, Tliomas H. Oalilmrst, Hastinr/s.

1833. Morgan, William, D.C.L. Oxou. Uckfield, Sussex.

1867. JMorison, William R. Dundee.
1863, JMoELBY, Samuel, M.P. 18 Wood-street, Cheapside, London,

E.C.
1865. *Morrieson, Colonel Robert. Oriental Club, Hanover-square,- London,

W.
*Morris, Eev. Francis Orpen, B.A. Nunbm-nholme Rectorr, Haj'ton,

York.
Morris, Scimuel, M.R.D.S. Foi-t^iew, Clontarf, near Dublin.

1876. §Morris, Rev. S. S. 0. The Grammar School, Dolgelly.

1874. piorrison, G. J., C.E. 5 Victoria-street, Westminster, S.W,
1871. *Morrison, James Darsie. 27 Grange-road, Edinburgh.

1863. X^^crrow, M. J. Beiitick-vinas, Kewcadle-on-Ti/ue.

1865. § Mortimer, J. R. St. John's-villas, Driffield.
'

1869. jfMortimer, William. Bedford-circus, Exeter.

1857. §MoRToN, George II., F.G.S. 21 West Derby-street, Liverjiool.

1858. *MoRTON, Henry Joseph. Garfortli House, West Garfoi-th, near

Leeds.

1871. JMorton, Hugh. Belvedere House, Trinity, Edinburgh.

1857. JMoses, Alarcus. 4 Westmoreland-street, Dublin.

Mosley, Sir Oswald, Bart., D.C.L. Rolleston Hall, Buiion-upon-
Trent, Staifordshire.

Moss, John. Otterspool, near Liverpool.

1870. tMoss, John Miles, M.A. 2 Esplanade, Wateiloo, I.,iverpool.

1873. *Mosse, George Sialey. Cowley Hall, near Uxbridge.

1864. *Mossc, J. R. Public Works' Department, Ceylon. (Care of Messrs.

H. S. King & Co., 65 Cornhill, London, E.C.)

1873. JMossmau, William. Woodhall, Calverley, Leeds.

1869. ^MoTT, Albert J. Adsett Court. Westburv-on-Severn.
1865. §Mott, Charies Grey. The Park, Birkenhead.

1866. §Mott, Frederick T.', F.R.G.S. 1 De Montfort-street, Leicester.

1872. JMott, Miss Minnie. 1 Be Moutfort-street, Leicester.

1862, *MouAT, Frederick John, M.D., Local Gtovernment Inspector,

12 Durham-villas, Campden Hill, London, W.
1856. JMould, Rev. J. G., B.D. Fulmodeston Rectory, Dereham, Norfolk,

1863. JMouusey, Edward. Sunderland.

Moimsey, John. Sunderland.

1861, *Mountcastle, William Robert. Bridge Farm, Ellenbrook, near
Manchester.

Mowbrav, James. Combiis, Clackmannan, Scotland.

1850, fMowbraV, John T. 15 Albany-street, Edinburgh.
1874. §Muir, M' M. Pattisou, F.R.S.E. Owens College, Manchester.
1876. *Muir, John. 6 Park-gardens, Glasgow.
1876. §Miur, Thomas. High School, Glasgow,
1871. XMuir, W. Hamilton.

1872. JMuirhead, Alexander, D.Sc, F.C.S. 1.50 Camden-road, London, N,
1871. *Muirhead, Henry, M.D. Bushy Hill, Cambuslang, Lanarkshire.
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1876. §Muirlieat1, R. ¥. Meiklo Cloak, Lochwiimocli, Renfrewshire.

1857. XMum»s, M. Bernard, M.A., C.E.

Munby, Artliur Joseph. G Fig-tree-court, Temple, Loiidou, E.G.

1866. tMuNDELLA, A. J., M.P., F.R.G.S. The Park, Nottingham.

1876. aiimro, Donald, F.C.S. 97 Egliuton-street, Glasgow.

1864. *MuNRO,Maior-Geueral William,O.B., F.L.S. United Service Club,

Pall Mall, London, S.W. ; and Mapporton Lodge, Faruborough,

Hants.

1872. *Munster, II. Sillwood Lodge, Brighton.

1872. *Munster, William Felix. 41 Brompton-square, London, W.
1864. ^MuRCH, Jerom. Crauwells, Bath.

*Murchisou, John Hemy. Surbitou Hill, Kingston.

1864. 'Murchison, K. E. Ashurst Lodge, East Griustead.

1876. §Murdoch, James. Altouy Albany, Girvan, N.B.

1855. jMurdock, James B. Hamilton-place, Langside, Glasgow.

1852. {Mm-uej, Henry, M.D. 10 Chichester-street, Belfast.

1852. JMm-phy, Joseph John. Old Forge, Lunmurry, Co. Antrim,

1869. iMurray, Adam. 4 Westbourne-crescent, Hyde Park, London, W.
1850. JMuRRAY. AxDREW, F.L.S. 67 Bedford-gardens, Kensmgton, Lon-

don, W.
1871. JMurray, Dr. Ivor, F.R.S.E. The Knowle, Brenchley, &taplehm-st,

Kent.

Murray, John, F.G.S., F.R.G.S. 50 .Albemai-le-street, London, \\ .

;

and Newsted, Wimbledon, Surrey.

1871. §Murray, John. 3 Clarendon-crescent, Edinburgh.

1859. JxMim-ay, John, il.D. Forres, Scotland.

Mim-ay, John, C.E. Downlands, Sutton, Surrey.

JMurray, Rev. John. Morton, near Thornhill, Dumfriesshire.

1872. jMiu-ray, J. Jardiue. 99 Montpellier-road, Brighton.

1863. IxMurray, William. 34 Clayton-street, Newcastle-ou-Tyne.

1859. *Murton, James. Highfield, Silverdale, Carnforth, Lancaster.

Muso-raye, The Venerable Charles, D.D., Archdeacon of Craven,

Halifax.

1874. §Musgi'ave, James, J.P. Drumgiass House, Belfast.

1861. JMusgrove, John, jun. Bolton.

1870. *Muspratt, Edward Kuowles. Seaforth Hall, near Liverpool.

1865 tMvers, Rev. E., F.G.S. 3 Waterloo-road, Wolverhampton.

1859. §Mylne, Robert William, F.R.S., F.G.S., F.S.A. 21 ^\'Tiitehall-

place, London, S.W.

1850. JNachot, H. W., Ph.D. 73 Queen-street, Edinburgh.

1842. Nadin, Joseph. Manchester.

1855. *Napier, Jamrs E., F.R.S. 22 Blythwood-square, Glasgow,

1876. §Napier. James S. 9 Woodside-place, Glasgow.

1876. §Napi6r, John. Saughfield House, HilUiead, Glasgow.

•Napier, Captain Johnstone, C.E. Laverstock House, Salisbury.

1839. *NAPreR, The Right Hon. Sir Joseph, Bart. 4 Merrion-square South,

Dublin.

Napper, James William L. Loughcre^^•, Oidcastle., Co. Meath.

1872. §Nares, Captain Sir G. S., K.C.B., R.N., F.Ii.S., F.R.G.S. Stoneham

House, Christchurch-road, Winchester.

1806. JNash, Davyd W., F.S.A., F.L.S. 10 Imperial-square, Cheltenham.

1850. *NA.SMyTH," James. Penshuxst, Tunbridge.

1864. jNatal, .Tohn William Colenso, D.D., Lord Bishop of. Natal.

1860. jNeate, Charles, M.A. Oriel College, Oxford.
, , , .

1873. jNeill, Alexander Renton. Fieldhead House, Bradford, Yorkshire.

1873. jNeill, Archibald. Fieldhead House, Bradford, Yorkshire.
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1855. INeilson, Walter. 172 West George-street, Glasgow.
18G5. jNeilson, W. Moutgomerie. Glasgow.
] 870. §Nelson, D. M. 48 Gordon-street, Glasgow.

Ness, John. Ilelmsley, near York.
1808. JNevm, Rev. II. R. The Close, Norwich.
1866. *NeviU, Rev. Samuel Tarratt, D.D., F.L.S., Bishop of Duneclin,Ncw

Zealand.

1857. JNeville, .lohn, C.E., M.R.I.A. Eoden-plaee, Dundalk, Ireland.

1852. JNeville, Parke, C.E. 58 Pemhroke-road, Dublin.
1869. JNevins, John ]3irkheck, SI.D. 3 Abercroniby-square, Liverpool.

184:2. New, Herbert. Evesham, Worcestershire.

Newall, Henry. Hare Hill, Littloborough, Lancashu-e.

*Newall, Robert Stirling, F.R.S., F.R.A.S. Ferudene, Gateshead-
upon-Tyne.

1866. *Newdigate, Alljert L. 2 The Pavement, Claphani Common, Loudon,
S.W.

1876. §Newhaus, Albert. 1 Priuce's-terrace, Glasgow.
1842. *Newman, Professor FnAXCis William. 15 Arundel-crescent,

Weston-super-Mare.
1863. *NE^v^^A^clr, William, F.R.S. Beech Holme, Clapham Common,

London, S.W.
1806. * NewnutrcJi, WilUain lliomas.

1877. §Newth, A. II., M.D. Ilayward's Heath, Sussex.
1860. *Newtox, Alfhkd, M.A., F.R.S., F.L.S., Professor of Zoology and

Comparative Anatomy in the University of Cambridge. Mag-
dalen College, Cambridge.

1872. JNewton, Rev. J. 125 Eastern-road, Brighton.
1865. JNewtou, Thomas Henry Goodwin. Clopton House, near Stratford-

on-Avon.
1867. JNichoU, Thomas, ex-Dean of Guild. Dundee.
1875. JNicholls, J. F. City Library, Bristol.

1874. §Nicholls, H. F. King's-square, Bridgewater, Somerset.
1806. JNicHOLSON, Sir Charles, Bart., D.C.L., LL.D., M.D., F.G.S.,

F.R.G.S. 26 Devonshire-place, Portland-place, London, W.
1838. *Nicholson, Cornelius, F.G.S., F.S.A. Welllield, Muswell Hill, Lon-

don, N.
1861. *Nicholson, Edward. 88 Mosley-slreet, Manchester,
1871. §Nicholson, E. Chambers. Herne-hiU, London, S.E.
1867. JNiCHOLSON, Henry Alleyne, M.D., D.Sc, F.G.S., Professor of

Natural Historv in the University of St. Andrews, N.B.
1850. tNicoL, James, F.R.S.E., F.G.S., Professor of Natural History in

Marischal College, Aberdeen.
1867. JNimmo, Dr. Matthew, L.R.C.S.E. Nethergate, Dundee.
1877. *Niven, James, M.A. Queen's College, Cambridge.

Niven, Niuian. Clonturk Lodge, Drumcondra, Dublin.
tNixon, Randal, C. J., il.A. Green Island, Belfast.
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place, London, S.W.
Robinson, Rev. Thomas Romney, D.D., E.R.S., F.R.A.S.,
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_F.R.A.S.,F.L.S., F.R.G.S. 13 Ashley-place,Westminster. S.W.
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1871. JSanders, William R., M.D. 11 Walker-street, Edinburgh,
1872. §Sanderson, J. S. Burdon, M.D., F.R.S., Professor of Physiology
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Meteorological Office. IIG Victoria-street, Loudon, S.W.
1861. §Scott, Rev. Robert Selkirk, D.D. 16 A^ictoria-crescent, Dowanhill,
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. • ., t- •

1871 *SiMPSOx, Alexander R., M.H., Professor of Midwilery m the L ni-

versitv of Edinburgh. 52 Queen-street, Edinburgh,

1867. JSimpson, G. B. Seafield, Broughty Ferry, by Dundee.

1859. tSimpson, John. Marykirk, Kincardineshire.

1863. tSimpson, J. B., F.G.S. Iledgelield House, Blaydon-on-'lyne.
.

1857. JSIMPSOX, Maxwell, M.D., F.R.S., F.O.S., Professor of C henustry in

Queen's College, Cork.

1876. §Simpson, Robert. 14 Ibrox-terrace, Glasgov.-.

*Sinipson, Rev. Samuel. Greaves House, near Lancaster.

Simpson, Thomas. Blake-street, York.
. ^ ,

...

Simpson, William. Bradmore House, Ilaimnersimth, Loudon, \V

.

1859. tSinclair, Alexander. 133 (4eorge-street, Edinbm-gh.

1876. ISinclair, James. Titwood Bank, PoUokshields, near Glasgow.

1874. tSinclair, Thomas. Dunedin, Belfast.

1834. ^Sinclair, Vetch, IM.D. 48 Albany-street, Edinburgh.

1870 'Sinclair, W. P. 19 Devonshire-road, Prince's Park, Liverpool.

1864. 'Sircar, Baboo Mohendro I>all, M.D. 1344 San Kany, Tollah-street,

Calcutta, per Messrs. Plan-enden & Co., Chapel-place, 1 oultrj-,

London, E.C.

1865. §Sissons, William. 92 Park-street, Hull.

1870. §Sladen, Walter Percy, F.G.S. Exley House, near Ilalilax,

1873. jSlater, Clayton. Barnoldswick, near Leeds.

1870. JSlater, W.B. 42 Clifton Park-avenue, Belfast.

1842. 'Slater, William. Park-lane, Higher Broughton, Manchester.

1853. XSleddon, Francis. 2 Kmr/ston-ten-ace, Hull.

1849, iSloper, George Edgar. Devizes.

1849. JSloper, Samuel W. Devizes.

1860. §Sloper, S. Elsar. Winterton, near Hythe, Southanipton.

1872. JSmale, The Hon. Sir John, Chief Justice of Hong Kong.

1867. jSmall, David. Gray House, Dundee.

1858. tSmeeton, G. H. Commercial-street, Leeds.

1876. §Smeiton, James. Panmure Villa, Broughty Ferry, Dundee.

1867. JSmeiton, John G. Panmure Villa, Broughty Ferry, Dundee.

1867. fSmeiton, Thomas A. 55 Cowgate, Dundee.

1876. §Smellie, Thomas D. 213 St. Vincent-street, Glasgow.

1857. ti^niith, Aqnila, M.D., M.R.I.A. 121 Lower Bagot-street. Ihibl.n.
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1868. |Smitb, Augustus. Xoi-thwood House, Church-road, Upper Nom'ood,
Surrey, S.E.

1872. *Smith, Basil Woodd, F.R.A.S. Branch Hill Lodge, Ilampstead-

heath, London, N.W.
1874. *Smith, Benjamin Leigh. 64 Gowcr-street, London, W.C.
187.3. JSmith, C. Sidney College, Cambridge.

1865. JSmith, David, F.R.A.S. 4 Cherry-street, Birmingham.

1865. JSmith, Frederick. The Priory, Dudley.

1866. *Sraith, F. C, M.P. Bank, Nottingham.

1855. JSmith, George. I'ort Dundas, Glasgow.

1870. §Smith, George. Glasgow.

1855. JSmith, George Cruickshank. 19 St. "Slncent-place, Glasgow.

1876. *Smith, G. G. 172 St. Yiuceut-street, Glasgow.

*Smith, Henry Johx SxEpmiN, M.A., F.R.S., F.C.S., Sariliau Pro-

fessor of Geometry in the University of Oxford, and Keeper of

the University Museum. The Museum, Oxford.

1860. *Sniith, Hoywood,'M.A., M.D. 2 Poi-tugal-street, Grosvenor-square,

London, W.
1865. t Smith, Isaac.

1876. §Smith, J. Glasgow.
1870. ISmith, James. 146 Bedford-street South, Liverpool.

1873. X'^mith, James.

1871. *Smith, John Alexander, M.D., F.R.S.E. 10 Palmerston-place, Edin-

burgh.

1874. JSmith, John ITaigh. Beech Hill, Halifax, Yorkshire.

1867. *Smith, John P., C.E. Haughhead Cottage, Glasgow.

Smith, John Peter George. Sweyney Cliff, near Coalport, Shrop-
shire.

1852. *'Smith, JRev. Joseph Denhaiii.

1871. JSniith, Professor J. William Robertson. Free Church College, Aber-
deen.

Smith, Philip, B.A. 26 South Hill Park, ILampstead- Ivoudon, N.W.
1860. *Sniith, Protheroe, M.D. 42Park-street,Grosvenor-square,Loudon,AV.

J 837. Smith, Richard Bryan. Villa Nova, Shrewsbury.

]847. §Smith, RoBEnr Angus, Ph.D., F.R.S., F.C.S. 22 Devonshire-street,

Manchester.

*Smith, Robert Mackay. 4 Belle\ue-crescent, Edinburgh.

1870. |Smith, Samuel. Bank of Liverpool, Liverpool.

1866. JSmith, Samuel. 33 Compton-street, Goswell-road, Loudon, E.C.

1873. jSmith, Swire. Lowfield, Keighley, Yorkshire.

1867. JSmith, Thomas (Sheriff). Dundee.
1867. JSmith, Tliomas. Pole Park ^N'orks, Dundee.

1859. tSmith, Thomas James, F.G.S., F.C.S, Hessle, near Hull.

1852. jSmith, William, lis'linton Eng-ine Wiu-ks, Glasgow.

1857. §SMrTH,WiLLiAjr,C.E.,F.G.S.,F.R.G.S, 18 Salisbuiv-street, Adelphi.

London, W.C.
1875. §Smith, William. Sundon House, Clifton, Bristol.

1876. §Smith, William. 12 Woodsi de-place, Glasgow.
1874. JSmoothy, Frederick. Bocking, E.ssex.

1850. *Sjiyth; Charles Piazzi, F.R.S.E., F.R.A.S., Astronomer Royal for

Scotland, Professor of Astronomy in the University of Edin-
burgh. 15 Royal-terrace, Edinbm-gh.

1870. JSmyth, Colonel H. A., R.A. Bai-raclcpore, near Calcutta,

1874. jSmyth, Henry, C.E. Downpatriek, Ireland.

1870. JSmyth, H. L, Crabwall Hall, Cheshire.

18-57. *Smyth, John, jun.. M.A., C.E., F.iNI.S. Lenaderg, Banbridge,
Indp.nd.
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1868. tSuivth, Eev. J. 1). Iluvst. la Upper St. (iilcs's-Blreet, Norwich.

1804. JSmyth, Wahington- W., M.A., F.R.S., F.CI.S., F.R.G.S., Lectimr

on Milling and 3Iinfralony at the Eoyal School of Miul's, and

luspectov of tlie ]\liiicral Property of the Crown. 02 Invemest-

terrace, Bayswaler, London, W.
1851. tSniytlie, Major-Geuoral W. J., U.A., F.K.S. Atbeiiajiim Club,

Pall Mall, London, S.VW
Roden, Joliu. Athenjcum Club, Pall jNFall, Loudon, S.W.

*SoLLY, Edwahd, F.R.8., r.L.S., F.G.8., F.S.A. Park IIouEe,

Sutton, Surrey.

•SopwiTii, Tiio^[AS, M.A., F.R.S., F.G.S., F.R.G.S. 103 Tictorin-

street, Westminster, S.W.
Sorbey, Alfred. Tlie Rookery, Ashford, Bakewell.

1859. *SonBY, II. Clifton, F.R.S., F.G.S. Broomfield, Sheflield.

1805. *Soutbal], John Tertius. Leominster.

1850. JSouthall, Norman. 44 Cannon-street West, London, E.C,

1850. ISoutbwood, Itey. T. A. Clielteubam College.

186.3. tSowerby, John. Sliipcote House, Gateshead, Durham.

1863. *Spark, ll. Iving. Skirsgill Park, Penrith.

1859. XSpeiicc, liev. Jama, IIV. Cl('pfon-s(/!ia)r, Lumlon, N.E.

*Spence, Joseph. GO Ilolgate Hill, York.

1869. *Spenc?, J. Bergor. Erlington House, Manchester.

1854. §Spence, Peter. Pendleton Alum Works, NeATton Heatb; andSuiedky

Hall, near Manchester.

1861. JSpencer, .Tobn Frederick. 28 Great George-street, Loudon, S.^^ .

1861. *Spencer, Joseph. Sprino'bank, Old Traftbrd, Manchester.

186.3. *Spencer, Thomas. The Groyc, Ryton, Blaydon-on-Tyne, Co.

Dm-ham.
1875. §Spencer, W. II. Richmond-liill, Clifton, Bristol.

1871. fSpicer, (/ieorae. Broomfield, Halifax.

1864. *Spicer, Henry, B.A., F.L.S., F.G.S. 14 Aberdeen Park, Highbuiy,

London, N.

1804. §Spicer, William R. 10 Ne^y Bridge-street, Blackfriars, London,

E.C.
1847. *Spiers, Richard James, F.S.A. Iluntercombe, Oxford.

1868. *Spiller, Edmund Pim. 3 Furniyal's Inn, London, E.C.

1864. *Spiller, Joun, F.C.S. 2 St. Mary"s-road, Canonbnry, London,

N.
1846. *Spottiswoodk, William, M.A., LL.D., F.R.S., F.R.A.S., F.R.G.S.

41 Grosyenor-place, London, S.W.

1804. *Spottiswoode, W. Hugh. 41 Grosyenor-place, London, S.W.

18-54. *SPBAGrK, Thomas Boxp. 20 Buckingham-terrace, Edinburgh.

1853, tSpratt, Joseph James. West-parade, Hull.

Square, Joseph Elliot, F.G.S. 24 Portland-place, Plymouth.

•Squire, Loyell. The Obseryatorv, Falmouth.

1858. *Staixtox, Henry T., F.R.S., F.L.S., F.G.S. Mountsfield, Lewis-

ham, S.E.

1860. §STANFOitii, Edv,'ard C. C. Thoruloo, Partick Hill, near Glasgow.

1837. Staniforth, Rey. Thos. Storrs, Windermere.

Stanley, The Very Rey. Arthur Penrhyn, D.D., F.R.S., Dean of

Westminster.
' The Deanery, ^^'estminster, London, S.W.

Stapleton, H. M. 1 I^Iountjoy-place, Dublin.

1866. JStarev, Thomas R. Daybrook House, Nottingham.

1876. §Starling, John Henry, F.C.S. The Avenue, Erith, Kent.

Stayeley, T. K. Ripon, Yorkshire.

1873. *Stead, Charles. Saltaire, Bradford, Yorkshire.

1857. tSteale, William Edward; M.D. 15 Hatch-street, Dublin.
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1 870. JSteara, C. H. 3 Elden-terrace, Rock Ferry, Liverpool.

1803. §Steele, Rev. Dr. 35 Sydney-'buildings, Bath.

1873. §Steinthal, G. A. 15 Ilallfield-road, Bradford, Yorkshire.

J 801. jSteiathal, II. M. Hollywood, Fallowfield, near Manchester.

Stbnhouse, John, LL.D., F.R.S., F.C.S. 17 Rodney-street, Pen-
tonville, London, N.

1872. JStennett, Mrs. Eliza. 2 Clarendon-terrace, Brighton.

1801. *Stern, S. J. Littlegrove, East Barnet, Herts.

1803. §Steii'iker, John. Driffield, Yorkshire.

1872. §Sterry, William. Union Club, Pall Mall, London, S.W.
1870. §Steuart, Walter. City Bank, Pollokshields, near Glasgow.

1870. *Stevens, Miss Anna Maria. Belmont, Devizes-road, Salisbuj-y.

1861. *Stevens, Henry, F.S.A., F.R.G.S. 4 Trafalgar-so^uare, llondon,

W.C.
1863. *Stevensou, Archibald. 2 Wellington- crescent, South Shields.

1850. XSteveiisun, David.

1808. fstevenson, Henr^•, F.L.S. Newmarket-road, Norwich.

1803. *Stevenson, James C, M.P., F.C.S. Westoe, South Sliielda.

1870. *Stewart, Alexander B. Rawclifte Lodge, I;angside, Glasgow.

1855. JStewart, Balfour, M.A., LL.D., F.R.S., Professor of Natural
Philosophy in Owens College, Manchester.

1864. JStewart, Charles, F.L.S. 19 Princess-square, Plymouth.

1850. *Stewart, Henry Hutchinson, M.D., M.R.lA. 75 Eccles-street,

Dublin.

1875. *Stewart, James, B.A. Lonr/wood Home, Loju/ Ashtvn, Bristol.

1847. jStewart, Robert, M.D. Tlie Asylum, Belfast.

1870. §Stewart, AVilliam. Violet Grove House, St. George's-road, Glasgow.

1807. tStiriing, Dr. D. Perth.

1808. jStirling, Edward. 34 Queen's-gardens, Hyde Park, London, W.
1870. §StirliDg, William, M.D., D.Sc. The University, Edinburgh.

1807. *Stirrup, Mark, F.G.S. 14 Atkinson-street, Deansgate, Manchester.

1805. *Stock, Joseph S. Sho^^•ell Green, Spark Hill, near BirminghanL
Stoddart, Gcorf/e.

1864. §Stoddart, Willh.m Walter, F.G.S., F.C.S. 7 King-square,

Bristol.

1854. JStoess, Le Chevalier Ch. de W. (Bavarian Consul). Liveraool.

*Stokes, George Gabriel, M.A., D.C.L., LL.D., Sec. R.S.,Lucasian
Professor of Mathematics in the University of Cambrdge. Lens-
field Cottage, Cambridge.

1862. |Stone, Edward James, M.A., F.R.S., F.R.A.S., Astronomer Royal
at the Cape of Good Hope. Cape Town.

1874. §Stone, J. F. M. Harris, B.A., F.L.S., F.C.S. St. Peter's College,

Cambridge.

1876. §Stone, Octavius C, F.R.G.S. Springfield, Nimenton.
1859. XStone,D): William If. 13 Virjo-stred, London, W.
1857. JStoney, Bindon B., M.R.I.A., Engineer of the Port of Dublin. 42

Welliugton-road, Dublin.

1861. *Stoni':y, George Johnstone, M.A., F.R.S., M.R.I.A., Secretary to

the Queen's University, Ireland. Weston House, Dundrum, Co.
Dublin.

1876. §Stopes, Henry, F.G.S. East Hill, Colchester.

1854. JStore, George. Prospect House, Faii-field, Liverpool.

1873. jStorr, William. The ' Times ' Office, Printing-house-square, Lon-
don, E.C.

1867. IStorrar, John, M.D. Heathview, Hampstead, London, N.W.
1859. §Story, James. 17 Biyanston-square, London, W.
1874. §Stott; William. Greetland, near Halifax, Yorlcshire.
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1871. *Strachey, Major-General Richaud, R.E., C.S.I.,F.R.S., F.R.(i.S.,
F.L.S., F.U.S. Stowev House, Clnphaiu Common, London,
S.W.

1876. §Strain, John. 143 West Regent-street, Glasgow.
1863. JStraker, Jolin. Wellington House, Durham.

'Strickland, Charles. Loughg-lyn House, Castlerea, Ireland.
Strickland, William. French-park, Roscommon, Ireland.

1859. JStronach, William, R.E. Ardmellie, Lanlf,

1867. iStronner, D. 14 Princess-street, Dundee.
1876. *Struthers, John, M.D., Professor of Anatomy in the University of

Aberdeen.
1876. *Stuai-t, Charles Maddock. Sudbury Hill, Harrow.
1872. *Stuart, Rev. Edward A. Thorpe, near Norwich.
1864. jStyle, Sir Charles, Bart. 102 New Sydney-place, Bath.
1873. §StYle, George, M.A. Giggleswick School,' Yorkshire.
1857. jSuLLivAN, William K., Ph.D., M.R.I.A. Royal College of Science

for Ireland ; and 53 Upper Leeson-road, Dublin.
1873. JSutclifte, J. W. Sprink Bank, Bradford, Yorkshire.
1873. tSutcliffe, Robert. Idle, near Leeds.
1863. jSutherland, Benjamin John. 10 Oxford-street, Newcastle-on-Tyne.
1862. 'Sutherland, Georgk Granvillk William, Duke of, K.G.,

F.R.S., F.R.G.S. Stafford House, London, S.W.
1855. ISuftwi, Edwin.
186.3. JSurxoN, Francis, F.C.S. Bank Plain, Norwich.
1876. §Swan, David, jun. Braeside, Maryhill, Glasgow.
1861. *Swan, Patrick Don S. Kirkcaldy, N.B.
1862. *SwAN, William, LL.D., F.R.S.E., Professor of Natural Philosophy

in the University of St. Andrews. 2 Hope-street, St. Andrews,
N.B.

1862. *Swann, Rev. S. Kirke. Gedliug, near Nottingham.
Sweetman, Walter, M.A.,M.R.I.A. 4Mountioy-square North, Dublin.

1870. *Swinburne, Sir John, Bart. Capheaton, Newcastle-on-Tyne.
1863. JSwindell, J. S. E. Summerhill, Kingswinford, Dudley.
1873. *Swinglehurst, Henry. Ilincaster House, near Milnthorpe.
1863, JSwixHOE, Robert, F.R.S., F.R.G.S., Her Majesty's Cousid at

Taiwan. 33 Carlyle-square, S.W. ; and Oriental Club, Loudon,W.
1873. §Sykes, Beniamin Clifford, M.D. Cleckheaton.
1847. tSykes, H. P. 47 Albion-street, Hyde Park, London, W.
1862. jSykes, Thomas. Cleckheaton, near Leeds.
1847. jSykes, Captain W. II. F. 47 Albion-street, Hyde Park, London,

W.
Syltester, .Tames Joseph, M.A., LL.D., F.R.S. Athenreum Club,

London, S.W.
1870. §Symes, Richard Glascott, A.B., F.G.S. Geological Survey of

Ireland, 14 Hume-street, Dublin.
1856. *S}auonds, Frederick, M.A., F.R.C.S. 35 Beamnont-street, Oxford.
1859. ISvmonds, Captain Thomas Edward, R.N. 10 Adam-street, Adelphi,

London, W.C.
1860, JSymonds, Rev. W.S., INI.A., F.G.S. Pendock Rectory, Worcester-

shire.

1859. §Symons, G. J., Sec. M.S. 02 Camden-square, London, N.W.
1855. *Symons, William, F.C.S. 26 Joy-street, Barnstaple.

Synge, Francis. Glanmore, Ashford, Co. Wicklow.
1872. JSynge, Major-General Millington, R.E., F.S.A., F.R.G.S. United

Service Club, Pall INIall, Loudon, S.W.

1865. JTailyour, Colonel Renny, R.E. Newmanswalls, Montrose, N.B.
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1871. JTait, Pkter GurHRiE, F.R.8.E., Professor of Natural i'liilosopliy

in the Univer.^ity of Edinburgh. George-squavo, Eiliuburgli.

1867. JTait, P. M., F.R.CI.S. Oriental Club, Hanover-square, Loudon, W.
§Talbot, William Hav/kshead. Hartwood Hall, Oliorlev, Lancashire.
Talbot, William Hexrv Fox, M.A., LL.D., F.R.S.', F.L.S, La-

cock Abbey, near Chippenham.
187J:. §Talmage, C. G. Leyton Observatory, Essex, E.

Taprell, William. 7 Westbourne-crescent, Hrde Park, London, W.
1866. JTarbottom, Marrott Ogle, M.I.C.E., F.G.S. Newstead-gi-ove, Not-

tingham.
1861. *Tarratt, Henry \\\ Mountfield, Grove Hill, Tuubridge Wells.
1856. JTartt, William Macdonald, F.S.S. 8andford-place, Cheltenham.
1857. *Tate, Alexander. 3 Queen's-elms, Belfast.

1863. JTate, John. Alnmouth, near Aluvvick, Northumberland.
1870. JTate, Norman A. 7 Nivell-chanibcrs, Fazackerley-street, Liver-

pool.

1865, t^"ie, Thomas.
1858. *Tatham, George. Springfield Momit, Leeds.
1876. §Tatlock, Robert R. 26 Burnbank-gardeiis, Glasgovr.

1864. 'Tavtney, Edward B., F.G.S. 16 Royal York-crescent, Ciifton,

Bristol.

1871. JTayler, William, F.S.A., F.S.S. 28 Park-stre3t, Grosvenor-square,
Loudon, W.

1874. tTaylor, Alexander O'DriscoU. .3 Upper-crescent, Belfiist.

1867. JTaylor, Rev. Andrew. Dundee.
Taylor, Frederick. Laurel-cottage, Rainhill, near Preseot, Lnji-

cashire.

1874. {Taylor, G. P. Students' Chambers, Belfast.

*Taylor, Johx, F.G.S. 6 Queen-street-placc, Upp:'r Thames-street,
London, E.C.

1861. *Ta3-lor, John, jun. 6 Q aeen-street-place, Upper Thames-strt;et,
London, E.C.

1873. §TAyLOR, John Ellor, F.L.S., F.G.S. The Moimt, IpiBwich.

1865. JTaylor, Joseph. 09 Constitution-hill, Birmingham.
Taylor, Captain P. Meadows, in the Service of His Highness the

Nizam. Harold Cross, Dublin.

*Taylor, Rich vrd, F.G.S. 6 Queen-street-place, Upper Thames-
street, London, E.C.

1876. §Taylor, Robert. 70 Bath-street, Glasgow.
1870. §Taylor, Thomas. Aston Rowant, Tetsworth, Oxou.

*Taylor, William Edward. Millfield House, Enfield, near Accrington.
1858. JTeale, Thomas Pridgin, j im. 20 Park-row, Leeds.
1869. jTeesdale, C. S. M. Whyke House, Chichester.

1876. §Temperley, Ernest. Queen's College, Cambridge.
1803. {Termant, Henry. Saltwell, Newcastle-on-Tyne.

*Tennant, James, F.G.S., F.R.G.S., Protessor of Mineralogy in
King's College. 149 Strand, Loudon, W.C.

1857. JTennison, Edward King. Kildare-street Club House, Dublin.
1860. {Thackeray, J. L. Amo Vale, Nottingham.
] 859. JThain, Rev. Alexander. New Machar, Aberdeen.
1871. JThin, James. 7 Rillbank-terrace, Edinburgh.
1871. {Thiselton-Dyer, W. T., M.A., B.Sc, F.L.S. 10 Gloucester-road,

Kew, W.
1835. Thom, John. Lark-hill, Chorley, Lancashu-e.
1870. JThom, Robert Wilson. Lark-hill, Chorley, Lancashire.
1871. {Thomas, Ascanius William Nevill. Chudleigh, Devon.
1876. *Thomas, Christopher Jame.s. Drayton Lodge, Redland, Bristol.
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Thomas, (icorye. Brisliugton, Bristol.

1876. §Tlioiiias, Kuvbert. 2 Great George-street, Bi'istol.

1860. jThomas, 11. 1). Fore-street, Exeter.
1869. iTlionias, J. llcnwood, F.R.G.8. Custom House, Loudon, E.C.
1875, §Tliouipsou, Arthur. 12 St. Nicholas-street, Hereford.
1863. JThompson, Rev. Francis. St. Giles's, IJurliam.

1858. "Thompson, Fredericlv. South-parade, Wukefield.
1859. §Thomp8on, 6jeorf^e, juu. Pidsmedden, Aberdeen.

Thompson, Harry Stephen. Ivirby Hall, Great Ousohurn, York-
shire.

1870. JTuoMPSON, Sir Hexby. 35 Wimpole-street, London, W.
Thompson, Heui-y Stafford. Fairfield, near York.

1861. "Thompson, Joseph. Woodlands, Fnlshaw, near Manchester.
1864. JThomi'Sox, Bev. Joseph Hksselgrave, B.A. Cradley, near

Brierley-hill.

I'hompson, Leonard. Slieriff-Hutton Park, Y^orkshire.

1873. |Thompson, M. W. Guiseley, Yorkshire.
1876. "Thompson, Richard. St. Paul's-square, Y'ork.

1874. §Thompson, Robert. Royal-teiTace, Belfast.

1876. §Thompson, Silvanns P. LTniversity Oolleg-e, Bristol.

18G3. fThompson, "William. 11 North-terrace, Newcastle-on-Tyne.
1867. JThoms, William. Magdalen-vard-road, Dundee.
1855. ^Thomson, Ai.li^.n, M.I)., LL.l)., F.R.S.L. & E., Professor ofAnatomy

in the University of Glasgow. (Peesident Elect.) The
University, Glasgow.

]8o2. \ThoinsvH, Gordon A. JJedeque Home, Belfast.

Thomson, Guy. Oxford.

1850. "Thomson, Professor Jajies, M.A., LL.D., C.E., F.R.S.E. The Uni-
versity, Glasgow.

1855. X Thomson, James. 82 Wed Nile-street, Glasgow.
1868. §Thomson, James, F.G.8. 276 Eglmton-street, Glasgow,
1876. §Thomson, James. 276 Eglinton-street, Glasgow.

"Thomson, James Gibson. 14 York-place, Edinburgh.
]876. §Thomson, James R. Dalmuir House, Dalmuir, Glasgow.
1874. §Thomson, John. JLarbour Office, Belfast.

1871. "I'homson, John Millar, F.C.S. King's College, London, W.C.
1863. XTJiomson, M. 8 Mcadoic-place, Edinburf/h.

1872. XThomson, Peter. 34 Graiiville-streef, Glasgoiv.

1871. JThomson, Robert, LL.B. 12 Rutland-square, Edinburgh.
1865. JThomson, R. W., C.E., F.R.S.E. 3 Morav-placo, Edinburgh.
1850. JThomsox, Thomas, M.D., F.R.S., F.L.S. ' The Cottage, West Far-

leigh, Maidstone.
1847. "Thomson, Sir William, M.A., LL.D.. D.C.L., F.R.S.L. & E.,

Professor of Natm-al Philosophy in the University of Glasgow.
The L^ni^'ersitv, Glasgow.

1874. §Thomson, William^ F.B.S'^E., F.C.S. Royal Institution, Manchester.
1876. §Thomson, William. 6 Manstield-place, Edinburgh.
1871. §Thomson, William Burnes, F,R,S,E, 1 Ramsay-gardens, Edinburgh,
1870, XTho7nsoii, W. C, M.D.
1850. JThomsOxV, Sir Wyville T. C, LL.D., F.R.S., F.G.S., Regius Pro-

fessor of Natural History in the University of Edinburgh.
20 Palmerston-place, Edinburgh.

1871. JThorbura, Rev. David, M.A. 1 John's-place, Leith.

1852. IThorbiu-n, Rev. William Reid, M.A. Starkies, Bury, Lancashire.
1866. JThornton, James. Edwalton, Nottingham.

•Thornton, Samuel, J.P, Oakfield, INIoseley, near Binningham.
1867. JThornton, Thomas. Dundee.
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184-5. fTliorp, Dr. Disney. Suftblk Lauu, Chelteiiliam.

1871. JTlioi'p, Hemy. Briarleigli, Sale, near Mancliester.

1804. *Thohp, Wili-iajx, B.Sc, F.C.S. 39 Sandringham-road, Kingslaiid,

London, E.

1871. §Thorpe, T. E., Ph.D., F.RS., F.R.S.E., F.C.S., Professor of Che-
niistrv in the Yorkshire College of Science, Ijeeds.

1868. JThuillier,
- Colonel, R.A., C.S.I., Surveyor-General of India. 46

Park-street, Calcutta.

Thurnham, John, M.D. Devizes.

1870. JTichborne, Charles R. C, F.C.S. Apothecaries' Hall of Ireland,

Dublin.

1873. *TiDDEjrAN, R. II., M.A., F.G.S. 28 Jermvn-street, Loudon, S.W.
1874. §Tilden, William A., D.Sc, F.C.S. Clifton College, Bristol.

1873. {Tilghman, B. C. Philadelphia, United States.

1865. §Tinimins, Samuel, J.P., F.S.A. Elvetliam-road, Edgbaston, Bir-
mingham.

Tinker, Ebenezer. Mealhill, near Huddersfield.
*TiNNE, JoHx A., F.R.G.S. Briarley, Aigburth, Liverpool.

1876. §Todd, Rev. Dr. Tudor Hall, Forest Hill, London, S.E.

1861. 'ToDHUNTER, IsAAC, M.A., F.R.S., Principal Mathematical Lecturer
at St. John's College, Cambridge. Brookside, Cambridge.

Todhunter, J. 3 College-green, Dublin.

1857. tTombe, Rev. II. .1. Ballyfi-ee, Ashford, Co. Wicklovr.
1856. JTomes, Robert Fisher. Welford, Stratford-on-Avon.
1864. *ToMLiNSON, Charles, F.R.S., F.C.S. 3 Ridgmoxmt-terracc, High-

gate, London, N.
1863. JTone, John F. Jesmond-villas, Newcastle-on-Tyne.
1865. §Touks, Edmund, B.C.L. Packwood Grange, Knowle, Warwick-

shire.

1865. §Tonks, William Henry. The Rookery, Sutton Coldtield.

1873. *Tookev, Charles, F.C.S. Royal School of Mines, Jermyn-strcet,
London, S.W.

1861. *Topham, John, A.I.C.E. High Elms, 265 Mare-street, Hackney,
London, E.

1872. *ToPLEy, William, F.G.S., A.I.C.E. Geological Survey Office,

Jermj'n-street, London, S.W.
1875. §Torr, Charles Hawlev. Victoria-street, Nottingham.
1803. JTorrens, Colonel Sir R. R., K.C.M.G. 2 Gloucester-place, Ilydo

Park, London, W.
1859. JTorry, Very Rev. John, Dean of St. Andrews. Coupar Angus,

N.B.
Towgood, Edward. St. Neot's, Huntingdonshire.

1873. tTo^^^lend, W. II. Heaton Hall, Bradford, Yorkshire.
1875. JTowusend, Charles. Avenue House, Cothaui Park, Bristol.

1800. XToimsend, John.

1857. tToWNSEND,Rev.RtOHARi),M.A.,F.R.S., Professor of Natural Philo-
sophy in the University of Dublin. Trinity College, Dublin.

1861. JTownsend, William. Attleborough Hall, near Nuneaton.
1864. ITowsoN, Jonx Thomas, F.R.G.S. 47 Upper Parliament-street,

Liverpool ; and Local INIarine Board, Liverpool.
1870. *Trail, J. W. IL, M.A., M.B., F.L.S. King's College, Old Aberdeen.
1859. XTrcdl, Samuel, D.D., LL.D.
1870. JTraill, William A., M.R.I.A. Geological Survey of Ireland, 14

Ilume-street, Dublin.
1875. §Trapnell, Caleb. Severnleigh, Stoke Bishop.
1808. JTraquair, Ramsay H., M.D., Professor of Zoology. Museum of

Science and Art, Edinburgh.
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1865. jTravers, William, F.R.C.S, 1 Bath-place, Kensington, London,
W.

Tregelles, Nathaniel. Neath Abbey, Glamorganshire.
1868. JTrehane, John. Exe View Lawn, Exeter.

1869. JTrehane, John, jun. Bedford-circus, Exeter.

1870. +Trench, Dr. Municipal Offices, Dale-street, Livei-pool.

Trench, F. A. Newlands House, Clondalkin, Ireland.

*TnE^'ELYAN, AnxHun, J.P. Tyneholm, Pencaitlaud, N.B.
Thevelyan, SirWalter Calverley, Bart., M.A., F.R.S.E. F.Ct.S.,

F.S.A., F.R.G.S. Alhenicum Club, London, S.W. ; Wallington,
Northumberland ; and Nettlecombe, Somerset.

1871. fTniBK, Alfred, F.C.S. 14 Denbigh-road, Bayswater, London, W.
1871. JTRisrEN, Roland, F.L.S., F.Z.8. Colonial Secretary's Office, Cape

Town, Cape of Good Hope.
1860. §Tbistram, Rev. Hexey Baker, M.A., LL.D., F.R.S., F.L.S., Canon

ofDm'ham. The College, Durham.
1869, iTroyte, C. A. W. Iluntshani Court, Bampton, Devon.
1864. XTruell, Bobert. Balhjhenri/, Ashford, Co. WicMow.
1869. JTucker, Charles. Marlands, Exeter.

1847. *Tuckett, Francis Fox. 10 r>akh\'in-street, Bristol.

Tuke, James II. Bank, Ilitchen.

1871. JTuke, J. Batty, M.D. Cupar, Fifeshire.

1867. jTulloch, The Very Rev. Principal, D.D. St. Andrews, Fife-
shire.

1854. jTuRNBULL, James, M.D. 86 Rodney-street, Livei-pool.

1855. §Turnbul], John. 37 West George-street, Glasgow.
1856. jTurnbull, Rev. J. C. 8 Bays-hill-villas, Cheltenham.
1871. §Turnbull, William. 14 Lansdowne-crescent, Edinburgh.
1873. *Turner, George. Ilorton Grange, Bradford, Yorkshire.

Turner, Thomas, JSI.D. 31 Curzon-street, Mayfair, London, ^^^
1875. JTurner, Thomas, F.S.S. Ashley House, Kins-sdown, Bristol.

1863. *TuRNEH, William, IM.B., F.R'.S.E., Professor of Anatomy in the
University of Edinbugh. 6 Eton-terrace, Edinburgh.

1842. Twamley, Charles, F.G.S. 11 Regent's Park-road, London, N.W.-
1847. jTwiss, Sir Tbavers, D.C.L., F.R.S., F.R.G.S. 3 Paper-buildings,

Temple, London, E.C.

1860. §Tylob, Edward Burnett, F.R.S. Linden, Wellington, Somerset.
1858. *Tyndall, John, D.C.L., LL.D., Ph.D., F.R.S.,F.G.S., Professor of

Natural Philosophy in the Royal Institution. Royal Institution,
Albemarle-street, London, "\^^

1861. *Tysoe, John. 28 Seedlej--road, Pendleton, near Manchester.

1876. •Unwin, W. C, A.I.C.E., Professor of Hydraulic Engineering.
Cooper's Hill, Middlesex.

1872. JUpward, Alfred. 11 Great Queen-street, Westminster, London,
S.W.

' '

1855. I Ure, John.

1876. §Ure, John, F. 6 Claremont-terrace, Glasgow.
1859. X Urquhart, Rev. Ale.vmnk'i:

1859. tUrquhai-t, W. Pollard. Craigston Castle, N.B. ,• and Castlepollard,
L-eland.

1866. JUrquhai-t, William W. Rosebav, Broughtv Fen-v, bv Dundee.
1873. §Uttley, Hiram. Burnley.

' '

•Vance, Rev. Robert. 24 Blackhall-street, Dublin.
1863. fVandoni, le Commandeur Comte de, Chargt? d'Affaires dt< S. if.

Tuuisieime, Geneva.
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1854. fVarley, Cromwell F., F.R.S. Fleetwood House, Beckeiibam, Kent.

1868. §yarley, Frederick 11., F.R.A.S. Mildmay Park Works, ]\Tildiuay

Avenue, Stoke Newington, London, N,
1865. *Varley, S. /Ufked. Hatfield, Herts.

1870. iVarley, Mrs. S. A. Hatfield, Herts.

18(39. tVarwell, P. Alpliington-street, Exeter.

1875. §Vauglian, Miss. Burlton Hall, Shrewsbury.
1863. J Frt»<i'«'<, (/e iTfi?«« yl., Vice-Comul fur France. Ti/neniouth.

1849. *Vaiix, Frederick. Central Telegraph Office, Adelaide, South Aus-
tralia.

1873. *Verney, Captain Edmund ir.,R.N. Rliianva, Bangor, North Wales.
Verney, Sir Harry, Bart. Lower Claydon, Buckinghamshire.

1866. JVemon, Rev. E. H. Harcourt. Cotgrave liectory, near Nottingham.
Vernon, George John, Lord. 32 Curzon-street, London, W. ; and

Sudbury Hall, Derbyshire.

1854. 'Vkbnon, George V., F.R.A.S. 1 Csborne-place, Old Trafford,

Manchester.
1864. *ViCARY, William, F.G.S. The Priory, tJolleton-cresent, E.veter.

1868. JVincent, Rev. William. Postwick Rectory, near Norwich.
1875. §Vines, David, F.R.A.S. ObservatorN' House, Somerset-street, Kings-

down, Bristol.

1856. JViviAN, Edward, B.A. Woodfield, Torquay.
*ViviAN, H. Hu.ssEY, M.P., F.G.S. Park Wern, Swansea ; and 27

Belgrave-square, London, S.W.
18.56. §VoELCKER, .L Cn. Augustus, I'h.D., F.R.S., F.C.S., Professor of

Chemist!}' to the Royid Agricultural Society of England. 39
Ai-gyll-road, Kensington, Ijondon, W.

1875. JVolckman, Mrs. E. G. 43 Victoria-road, Kensington, London, W.
1875. §Volcknian, William. 43 Victoria-mad, Kensington, London, W,

|Vose, Dr. James. Gambier-terraco, Liverpool.

1875. XWace, Eei\ A. St. Puur.% Mniddme, Kent.

1860. §Waddingham, John. Guiting Grange, Winchcombe, Gloucester-
shire.

1859. jWaddington, John. New Dock Works, Leeds.

1870. §Wake, Charles Staniland. 70 Wright-street, Hull.

1855. *AValdegrave, The Hon. Granville. 26 Portland-place, London, W.
1873. jWales, James. 4 Mount Rovd, Manningham, Bradford, Yorkshire.

1869. * Walford, Cornelius. 86 BeLsize-park-gardens, London, N.W.
1849. §Walker, Charles V., F.R.S., F.R.A.S. Fem.side Villa, Redhill,

near Reigate.

Walker, Sir Edward S. Berry Hill, Mansfield.

Walker, Frederick John. The Prior}-, Bathwick, Bath.
1866. JWalker, H. Westwood, Newport, by Dundee.
1859. XWalker, James.

1855. jWalker, .John. 1 Exchange-court, Glasgow.
1842. *Walker, John. Thornclitie, Kenilworth-road, Leamington.
1866. *W.VLKER, .1. F., M.A., F.C.P.S., F.C.S., F.G.S., F.L.S. 16 Gilly-

gate, York.
1867. *Walker, Peter G. 2 Airlie-place, Dundee.
1866. JWallcer, S. D. 38 Hampden-street, Nottingham.
1860. 'Walker, Thomas F. W., M.A., F.G.S., F.R.G.S. 3 Cirou.s Balh.

Wallier, A^^illiam. 47 Northumberland-street, Edinburgh.
1860. jWalkev, J. E. C. High-street, Exeter.

1863. JWallace, Alfred Russel, F.R.G.S., F.L.S. Pvosehill, Dorking.
1850. JWallace, William. Pli.D., y.C.?^. Chemical Laboratory. 1 38 Bath-

f^treot, Glasgow.
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1857. IWaller, Edward. I^isenderry, Augliuacloy, Ireland,
1S62. t WaUich, Georue C}mi-hs,M.n., F.L.S. 00 HoUawJ-ruml, Keiumyton,

London, W.
WaUinycr, Ilcv. William.

1SC2. JWalpole, The Eight Hon. Spenceii iroRAXio, M.A.,D.C.L.,M.P.,
F.R.S. Ealing, London, W.

1857. JWalsh, Albert Jasper, F.R.C.S.I. 8!) Harcourt-street, DuHin.
Walsh, ,Tohn (Prnssian Consul). 1 Sir John's Quay, Dublin.

18G3. ^Walters, Robert. Eldon-square, Newcastle-on-Tyiie.
Walton, Thomas Todd. Mortimer House, Clifton, Bristol.

1863. fWanklyu, James Alfred. 117 Charlotte-street, Fitzroy-square,
Loudon, W.

1872. JWarburton, Beniamin. Leicester.

1874. §Ward, F. D. 6 'Uuiversity-square, Belfast.

1874. §Ward, Jolm, F.R.G.S. Royal Ulster Works, Chlorine, Belfast.
1857. JWard, John S. Prospect-hill, Lisburn, Ireland.

Ward, Rev. Richard, M.A. 12 Eaton-place, London, S.W.
1863. {Ward, Robert. Dean-street, Newcastle-on-Tjme.

*Ward, William Sykes, F.C.S. 12 Bank-street, and Denison Hall,
Leeds.

1867. JWarden, Alexander J. Dundee.
1858. jWardle, Thomas. Leek Brook, Leek, Staffordshire.
1865. JAVaring, Edward John, M.D., F.L.S. 49 Clifton-gardens, Maida-vale,

London, W.
1864. *Wanier, Edward. 49 Grosvenor-place, London, S.W.
1872. *Waruer, Thomas. 47 Sussex-square, Brighton.
ia56. JWarner, Thomas H. Lee. Tiberton Court, Hereford.
1875. jWarren, Algernon. Nnseby House, Pembroke-road, Clifton,

Bristol.

1865. *Wan-en, Edward P. 13 Old-square, Birmingham.
\&m. XWarren, James L.

War-wick, William Atkinson. Wyddrington House, Cheltenham.
1856. IWashbourne, Buchanan, M.D. Gloucester.
1870. §Waterhouse, A. Willenhall House, Barnet, Herts.

Waterhouse, John, F.R.S., F.G.8. , F.R.A.S. Wellhead, Halifax,
\ orkshire.

1875. *Waterhouse, Captain J. Surveyor-General's Office, Calcutta. (Care
of Messrs. Triibner & Co., Ludgate-hill, London, E.C.)

1854. JWaterhouse, Nicholas. 5 Rake-lane, Liverpool.
1870. tWaters,A.T. H.,M.D. 29 Hope-street, Liverpool.
1875. §Waters, Arthur W., F.G.S. Woodbrook, Alderley Edge, near Bir-

mingham.
1875. §Watherston, Alexander Law, M.A., F.R.A.S. Brentwood, Essex
1867. JWatson, Rev. Ai-chibald, D.D. The Manse, Dundee.
1855. jWatson, Ebenezer. 16 Abercromby-place, Glasgo^y.
1867. jWatson, Frederick Edwin. Thickthorn House, Cringleford Norwich

•Watson, Henry Hough, F.C.S. 227 The Folds, Bolton-le-Moor§!
Watson, Hewett Cottreli.. Thames Ditton, Surrey.

1873. *Watson, Sir James. 9 Woodsidc-leirace, Glasgow.
1859. JWatson, John Forbes, M.A., M.D., F.L.S. India Museum, Lon-

don, S.W.
1803. JWatson, Joseph. Bensham-grove, near Gateshead-on-Tjiie.
1863. JWatson, R. S. 101 Pilgrim-street, Newcast!e-on-Tyne.
1867. J'W'atson, Thomas Donald. 41 Cross-.sfreet, Finsburv, London, E C
1869. jWatt, Robert B. E., C. E., F.R.G.S. Ashlev-avenue, Belfast. ' '

1861. JWatts, Sn- James. Abney Hall, Cheadle, neiu- Manchester.
1875. *Watts, .John, D.Sc. 57 Baker-street, Portman-square, Loudon, W':.
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1846. §Watts, John King, F.R.G.S. Market-place, St. Ives, Hunts.

1870. §Watts, William. Oldham Corporation Waterworks, Piethorn, near

Rochdale.

1873. *Watts, W. Mahshall, D.Sc. Giggleswick Grammar School, near

Settle.

1858. tWaud, Major E. Manston Hall, near Leeds.

Waud, Rev. S. W., M.A., F.R.A.S., F.C.P.S. Rettenden, neai-

Wickford, Essex.

1862. §WAUGH,Maior-Geueral Sir Andrew Scott, R.E., F.R.S., F.R.A.S.,

F.R.G.fe. 7 Petersham-terrace, Queen's-gate-gardens, London,

W.
1859. fWaugh, Edwu. Sager-street, Manchester.

*Waveney, The Right Hon. Lord, F.R.S. 7 Audley-square,

London, W.
*Way, J. Thomas, F.O.S. 9 Russell-road, Kensington, London,

S.W.
1869. JWay, Samuel James. Adelaide, South Australia,

1871. jWebb, Richard M. 72 Grand-parade, Brighton.

*Webb, Rev. Thomas Williaji, M.A., F.R.A.S. Hardwick Vicar-

age, Hay, South "Wales.

1866. *Webb, William Frederick, F.G.S., F.R.G.S. New.^tead Abbey,

near Nottingham.

1859. JWebster, John. 42 King-street, Aberdeen.

1862. ^Webster, John Ilcnrv, M.D. Northampton.

1834. tWebster, Richard, F.R.A.S. 6 Queen ^ictor;a-street, London,

E.C.

1845. XWcdfiewood, IIenski(/h. 17 Cumherkmd- terrace, liee/etifs Park,

London, N.W.
1854. JWeightman, William Henry. Earn Lea, S.-aforth, Liverpool.

1865. tW^elch, Christopher, M.A. "University Club, Pall Mall East, London,

S.W.
1867. §Weldon, Walter. Abbey Lodge, Merton, Surrey.

1876. §Weldou, W. F. R. Abbey Lodge, Merton. Surrey.

1850. fWemyss, Alexander Watson, M.D. St. Andrews, N.B.

Wentworth, Fredeiick W. T. Vernon. Wentworth Castle, near

Barnsley, Yorkshire.

1864. *Were, Anthony Berwick. Whitehaven, Cumberland.

1865. X Wesley, William Henrxj.

1853. JWest, Alfred. Holderness-road, Hull.

1870. J West, Captain E. W. Bombay.
1853. JWest, Leonard. Summergangs Cottage, Hull.

1873. X West, Samuel H. 6 College-terrace West, London, W.
1853. JWest, Stephen. Hessle Grange, near Hull.

1851. *WeCteen, SirT. B., Bart. Felix Hall, Kelvedon, Essex.

1870 §Westo-arth, William. 10 Bolton-gardens, South Kensington, London,

W.
1842. Westhead, Edward. Chorltou-on-Medlock, near Manchester.

Westhead, John. Manchester.

1842. *Westhead, Joshua Proctor Brown. Lea, Cr.!;tie, near Kiddenuinster.

1857. *Westley, William. 24 Regent-street, London, S.W.

1863. JWestmacott, Percy. Whickhaui, Gateshead, Durham.

1860. §Weston, James Woods. Belmont House, Pendleton, Manchester.

1875. 'Weston, Joseph D. Dorset House, Clifton Down, Bristol.

1864. §Westropp, W. H. S., M.R.I.A. Lisdoonvarna, Co. Clare.

1860. JWestwood, John O., M.A., F.L.S., Professor of Zoology in the

University of Oxford. Oxford.

1853. tWheatley, E. B. Cote Wall, Mirfield, Yorkshire.
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1866. JWheatstone, Charles C. 19 Park-cresceut, Eegent's Park, London,
N.W.

1847. tWheeler, Edmund, F.R.A.S. 48 Tollington-road, Holloway,
London, N.

1873. tWhipple, George Matthew, B.Sc, F.R.A.S. The Observatory,
Kew, W.

18.53. JWhitaker, Charles. Milton Hill, near Hull.

1874. §Whitaker, Henry, M.D. 11 Clarence-place, Belfast.

1859. *Whitakeb, William, B.A., F.G.S. Geological Survey Office, 28
Jermyn-street, London, S.W.

1876. §White, Angus. Easdale, Argyleshire.

1864. JWhite, Edmund. Victoria Villa, Batheaston, Bath.
1837. IWhite, James, F.G.S. 14 Chichester-terrace, Kemp Town, Brighton.
1876. *White, James. Overtoun, Dumbarton.
1873. §White, John. Medina Docks, Cowes, Isle of Wight.

, White, John. 80 Wilson-.street, Glasgow.
1859. JWhite, John Forbes. 16 Bon Accord-square, Aberdeen.
1865. t White, Joseph. Regeut's-street, Nottingham.
1869. jWhite, Laban. Blandford, Dorset.

1859. jWhite, Thomas Henry. Tandragee, Ireland.

1861. jWhitehead, James, M.D. 87 Mosley-street, Manchester.
1858. JWhitehead, J. H. Southsyde, SaddlcAvorth.

1861. *Whiteliead, John B. Ashday Lea, Rawtenstall, Manchester.
1861. 'Whitehead, Peter Ormerod. Belmont, Rawtenstall, Manchester.
1855. *Whitehouse, Wildeman VV. 0. 12 Thuiiow-road, Hampstead,

London, N.W.
Whitehouse, William. 10 Queen-street, Rhyl.

1871. JWhitelaw, Alexander. 1 Oakley-terrace, Glasgow.
1866. JWhitfield, Samuel. Golden Hillock, Small Heath, Birmingham.
1874. fWhitford, William. 5 Claremont-street, Belfast.

1852. JWhitla, Valentine. Beneden, Belfast.

Whitley, Rev. Charles Thomas, M.A., F.R.A.S. Bedlington, Morpeth.
1870. §Whittem, James Siblev. Walgrave, near Coventiy.
1857. *Whitty, Rev. John'Ibwine, M.A., D.C.L., LL.D. 94 Baggot-

street, Dublin.

1874. *Whitwell, Mark. Redland House, Bristol.

1863. *WhitweU, Thomas. Thornaby Iron Works, Stockton-on-Tees.
*WhitWORTH, Sir Jcseph, Bart., LL.D., D.C.L., F.R.S. The Firs,

Manchester; and Stanclitfe Hall, Deibyshire.

1870. JWhitwobth, Rev. W. Allen, M.A. 185 Islington, Liverpool.
1865. jWiggin, Henry. Metchley Grange, Ilarbourne, Birnunghani,
1860. j Wilde, Heiirtf. 2 St. Aim's-place, Manchester.

1855. JWilkie, John. Westburn, Helensburgh, N.B.
1857. jWilkinson, George. Temple Hill, Killiney, Co. Dublin.
1861. *Wilkinson, M. A. Eason-, M.D. Greenheys, Manchester.
1859. §Wilkiusou, Robert. Lincoln Lodge, Totteridge, Hertfordshire.

1872. {Wilkinson, William. 168 North-street, Brighton.

1869. §Wilks, George Augustus Frederick, M.D. Stanbury, Torquay.
1873. §Willcock, J. W., Q.C. Clievion, Dinas Mawddwy, Merioneth,

*Willert, Alderman Paul Ferdinand. Town Hall, Manchestei-.

1859. JWillet, John, C.E. 35 Albyn-place, Aberdeen.
1872. §Willett, Henry, F.G.S. Arnold House, Brighton.

1870. \ William, G. F. Copley 3IoHnf, Sprinrifiekl, Liverpool.

Williams, Charles James IB., M.i3., F.R.S. 47 Upper Brook-
street, Gi-osvenor-square, London, W.

1861. *Williams, Charles Theodore, M.A., M.B. 47 Upper Brook-street,
Grosvenor-square, Loudon, W.
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1864. *WiLLiAM8, Sir Frederick M., Bart., M.P., F.G.S. Goonvrea,
PeiTanarworthal, Cornwall.

1861. *William8, Harry Samuel, M.A. 37 Bedford-row, London, W.C.
1875. *Williams, Herbert A., B.A. 91 Pembroke-road, Clifton, Bristol.

1857. JWilliams, Rev. James. Llanfairinghornwy, Holyhead.

1871. X Williams, James, 3f.D.

1870. § Williams, John. 14 Buckingham-street, London, W.O.
1875. * Williams, M. B. North Hill, Swansea.

Williams, Robert, M.A. Bridehead, Dorset.
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buried in the Chapel of St. Peter, in the
Tower of I*ondon, with an Account of
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2 vols. Svo, 30s.

The English in Spain ; or, the
the Story of the Civil War between
Christinos and Carlists in 1834, 1S40.

By Major F. Duncan, R.A. With
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By Dean Stanley. First and second
series. Plans. 2 vols. Svo, 24s. Third
Series. Svo, 14s.

History of the Church of
Scotland. By Dean Stanley. Svo,

7s. 6d.
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tions. 8vo, 2is. ; or post 8vo, 7s. 6d.

Africa,—Egypt.

A Popular Account of Dr. Liv-
ingstone's Travels and Adventures in

South Africa, 1840-56. Illustrations.

Post 8vo, 7s. 6d.

A Popular Account of Dr. Liv-
ingstone's Expedition to the Zambesi,
Lakes Shirwa and Nyassa, 1858-64.
Illustrations. Post 8vo, 7s. 6d.

Dr. Livingstone's Last Journals
in Central Africa, 1865-73. With a
Narrative of his last moments and suffer-

ings. By Rev. Hok.ace W.aller. Il-

lustrations. 2 vols. Svo, 28s.

Livingstonia. Journal of Ad-
ventures in Exploring the Lake Nyassa,
and establishing the above Settlement.
ByE. D.Young, R.N. Map. Post Svo.

Explorations in Equatorial
Africa, with Accounts of the. Savage
Tribes, the Gorilla, Nest-Building Ape,
&c. By P. Du Chaillu. Illustrations.

Svo, 2IS.

Journey to Ashango Land, and
Further Penetration into Equatorial
Africa. By P. B. Du Chaillu. Illus-

trations. Svo, 21S.

Wanderings South of the Atlas
Mountains, in the Great Sahara. By
Canon Tristram. Illustrations. Post
Svo, 15s.

Five Years' Adventures in the
far Interior of South Africa with the
Wild Beasts of the Forests. By R.
Gordon Cumming.. Woodcuts. Post
Svo, 6s.

Sport and War. Recollections
of Fighting and Hunting in South Africa,

1834-67, with an Account of the Duke
of Edinburgh's Visit. By General
BissET, C.B. Illustrations. Crown Svo,
14s.

Western Barbary, its Wild
Tribes and Savage Animals. By Sir
Drummond Hay. Post Svo, 2s.

A Residence in Sierra Leone,
described from a Journal kept on the
Spot. By a Lady. Post 3vo, 3s. 6d.

British Mission to Abyssinia.
With Notices of the Countries traversed
from Massowah, through the Soodan,
and back to Annesley Bay from Mag-
dala. By Hormuzd Rassam. Illus-

trations. 2 vols. 30s.

Sport in Abyssinia. By Earl
of Mayo. Illustrations. Crown Svo, 12s.

Abyssinia during a Three
Years' Residence. By Mansfield Par-
kyns. Woodcuts. Post Svo, 7s. 6d.

Adventures in the Libyan De-
sert. By B. St. John. Post Svo, 2s.

Travels in Egypt, Nubia, Syria,
and the Holy Land. By Captains Irby
and M.4.NGLES. Post Svo, 2s.

The Cradle of the Blue Nile.
A Visit to the Court of King John of
Ethiopia. By E. A. de CossoN, F.R.G.S.
With Illustrations. 2 vols, post Svo, 21s.

An Account of the Manners
and Customs of the Modern Egyptians.
By Edward Wm. Lane. Woodcuts.
2 vols, post Svo, I2S.

Madagascar Revisited ; De-
scribing the Events of a New Reign,
and the Persecutions endured by the
Christian Converts. By Rev. W. Ellis.
Illustrations, Svo, 16s.

Mediterranean—Greece,
Turkey in Europe.

Athens and Attica. By Bishop
Wordsworth. Illustrations. Post
Svo, 5s.

Travels in Asia Minor :

With Antiquarian Researches and Disco-
veries, and Illustrations of Biblical Litera-
ture and Archasology. By Henry Van
Lennep, D. D. Illustrations. 2 vols,

post Svo, 24s.

Troy and its Remains : A Nar-
rative of Discoveries and Researches
made on the Site of Ilium and in the
Trojan Plain. By Dr. Schliemann.
With 500 Illustrations. Royal Svo, 42s.

Discoveries on the Site of
Ancient Mycenae. By Dr. Schliemann.
Illustrations, Plans, etc. Medium Svo.

Cyprus : its Ancient Cities,
Tombs, and Temples. A Narrative of
Researches and Excavations during
Ten Years' Residence in that Island.
By Louis P. di Cesnola. Maps and
Illustrations. Svo.

Between the Danube and the
Black Sea, or. Five Years in Bulgaria.
By H. C. Barkley. Post Svo, ids. 6d.

Researches in the Highlands
of Turkey. In Albania, Montenegro, etc.

With Notes on the Classical Superstitions
of the Modern Greek. By Rev. H. F.
Tozer. Illustrations. 2 vols, crown
Svo, 24s.

Lectures on the Geography of
Greece. By Rev. H. F. Tozer, M.A.
Map. Post Svo, gs.

Visits to the Monasteries of
the Levant. By Hon. Robert Curzon.
Woodcuts. Post Svo, 7s. 6d.
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Journey through Albania and
other Provinces of Turkey in Europe
and Asia, to Constantinople, 1809-10.

By Lord Bkoughton. Illustrations.

2 vols. 8vo, 30S.

Reminiscences of Athens and
the Morea, during Travels in Greece.

By Lord Caknakvon. Crown 8vo,

ys. 6d.

Greece—Pictorial, Historical,
and Descriptive. By Christopher

Wordsworth, D.D. '. With 600 Illustra-

tions. Royal 8vo.

Asia, Syria, Holy Land.

England and Russia in the East.
A Series of Papers on the Political and
Geographical Condition of Central Asia.

By Sir Henry Rawlinson. Map. 8vo,

I2S.

Travels in the Eastern Cauca-
sus, the Caspian and Black Seas, Dag-
hestan and the Frontier of Persia and
Turkey. By Sir A. Cunvnghame.
Illustrations. 8vo, i8s.

The Caucasus, Persia and Tur-
key in Asia. Being a journey to Ta-
breez, Kurdistan, down the Tigris and
Euphrates to Nineveh and Babylon, and
across the Desert to Palmyra. By
Baron Thielmann. , Translated by
Chas. Hene.\ge. Illustrations. 2 vols,

post 8vo, 1 8s.

Armenia and Erzeroum ; a
Year on the Frontiers of Russia, Turkey,
and Persia. By Hon. Robert Cur20N.
Woodcuts. Post 8vo, 7s. 6d.

Nablus : a Narrative of a Three
Months' Residence with the Modern
Samaritans. By Rev. John Mills.
Illustrations. Post 8vo, los. 6d.

Sketches of the Manners and
Customs of Persia. By Sir John Mal-
colm. Post 8vo, 3s. 6d.

Rambles in Syria among the
Turcomans and Bedaweens. Post 8vo,
los. 6d.

Journal of Researches in the
Holy Land in 1S38 and 1852. With
Historical Illustrations. By Edward
Robinson, D.D. Maps. 3 vols. 8vo, 42s.

Sinai and Palestine ; in Con-
nection with their History. By Dean
Stanley. Plans. 8vo, 14s.

The Bible in the Holy Land.
E.xtracts from the above Work. Wood-
cuts. Fcap. 8vo, 2S. 6d.

Damascus, Palmyra, Lebanon;
with Travels among the Giant Cities of
Bashan and the Hauran. By Rev. J. L.
Porter. Woodcuts. Post 8vo, 7s. 6d.

The Jordan, the Nile, Red Sea,
Lake of Gennesareth, etc. The Cruise
of the Rob Roy in Palestine, Egypt,
and the Waters of Damascus. By John
Macgregor. Illustrations. Post 8vo,

7s. 6d.

The Land of Moab. Travels

Typ

and Discoveries on the East Side of the
Dead Sea and the Jordan. By Canon
Tristram. Illustrations. Crown 8vo,

iss.

Australia, Poljniesia, &c.

Discoveries in New Guinea.
A Cruise in Polynesia, and Visits to the
Pearl Shelling Stations in Torres Straits.

By Captain Moresby, R.N. With Map
and Illustrations. 8vo, 15s.

A Boy's Voyage Round the
World. By Samuel Smiles the
Younger. Small 8vo, 6s.

Hawaiian Archipelago ; Six
Months among the Palm Groves, Coral
Reefs, and Volcanoes of the Sandwich
Islands. By Isabella Bird. Illus-

trations. Crown 8vo, 7s. 6d.

Ride Through the Disturbed
Districts of New Zealand to Lake
Taupo at the time of the Rebellion ; with
notes of the South Sea Islands. By Hon.
Herbert Meade, R.N. Illustrations.

8vO, I2S.

ee and Omoo ; or the
Marquesas and South Sea Islanders. By
Hermann Melville. 2 vols, post 8vo,
7S.

Recollections of Bush Life in
Australia, during a Residence of Eight
Years in the Interior. By Rev. H. W.
Haygarth. Post 8vo, 2S.

Notes and Sketches of New
South Wales. By Mrs. Meredith.
Post 8vO, 2S.

Mutineers of the "Bounty,"
and their Descendants ; with their Set-
tlements in Pitcairn and Norfolk Islands.
By Lady Belcher. Illustrations. Post

America, West Indies, Arctic
Regions.

Mexico and the Rocky Moun-
tains. By George F. Ruxton. Post
8vo, 3s. 6d.

Pioneering in South Brazil.
Three Years of Forest and Prairie Life

in the Province of ParaBa. By T. P.

Bigg Wither. With Map and Illustra-

tions. 2 vols, post 8vo.

The Naturalist on the River
Amazons, with Adventures during
Eleven Years of Travel. By H. W.
Bates. Illustrations. Post 8vo, 7s. 6d.
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Voyage up the River Amazons,
and a visit to Para. By William H.
Edwards. Post 8vo, 2S.

Naturalist in Nicaragua. A
Narrative of Journeys in the Savannahs
and Forests. With observations on
Animals and Plants. By Thomas
Belt. Illustrations. Post 8vo, las.

Journeys across the Pampas.
By Sir Francis Head. Post 8vo, 2s.

Voyage of a Naturalist round
the World. By Charles Darwin.
Post 8vo, 9s.

The Patagonians ; a Year's
Wandering over Untrodden Ground from
the Stniits of Magellan to the Rio Negro.
By Capt. G. C. Musters. Illustra-

tions. Post 8vo, 7s. 6d.

Voyage of the "Fox" in the
Arctic Seas, and the Discovery of the

Fate of Sir John Franklin and his Com-
panions. By Sir Leopold M'Clintock.
Illustrations. Post 8vo, 7s. 6d.

Perils in the Polar Seas. True
Stories of Arctic Discovery and Adven-
ture. By Mrs. Chisholm. Illustrations.

Small 8vo, 5s.

Captain Nares' Official Report
to the Admiralty of the Recent Arctic
Expedition. With Chart. 8vOj 2s. 6d.

Winter Tour in the United
States. By Rev. F. Barham Zincke.
Post 8vo, los. 6d.

Discovery of the Great West

:

or, the Valleys of the Mississippi and the
Lakes of North America. By Francis
Parkman. 8vo, ios. 6d.

British Columbia and Van-
couver Island ; their Forests, Rivers,
Coasts, Goldfields, and Resources for

Colonisation. By Captain Mayne, R.N.
Illustrations. 8vo, 16s.

Communistic Societies of the
United St.^tes. Shakers, the Amana,
Oneida, Bethell, Aurora, Icarian, and
other Societies ; their Religious Creeds,
Social Practices, and Present Condition.
By Charles Nordhoff. Illustrations.

8vo, iss.

Journal of a Residence in the
West Indies. By M. G. Lewis. Post
8vo, as.

Europe.

Diary of the Shah of Persia
during his Tour through Europe in 1873.
Translated by J. W. Redhouse. Por-
trait. Crown 8vo, 12s.

Etchings on the Mosel : a
Series of Twenty Plates, with Descrip-
tive Letterpress. By Ernest George.
Folio, 42s.

Etchings from the Loire and
South of France. In a Series of Twenty
Plates, with Descriptive Te.\t. By
Ernest George. Folio, 42s.

Leaves from My Sketch-Book.
A selection of Sketches made during
many Tours. By E. W. Cooke, R.A.
25 Plates. Small folio, 31s. 6d.

Summer and Winter in Norway.
By Lady Di Beauclerc. Woodcuts.
Post 8vo, 6s.

A Month in Norway. By J. G.
HoLLWAY. Fcap. Svo, 2S.

Letters from the Shores of the
Baltic. By a Lady. Post Svo, 2s.

Letters from High Latitudes :

An Account of a Yacht Voyage to Ice-

land, Jan Mayen, and Spitzbergen. By
Lord DuFFERiN. Illustrations. Crown
8vo, 7s. 6d.

The Land of the North Wind.
Travels among the Laplanders and Sa-
moyedo. By Edward Rae. Map.
Woodcuts. Post 8vo, los. 6d.

The Country of the Moors.
A Journey from Tripoli in Barbary to

the City of Kairwan. By Edward Rae.
Crown Svo.

The Bible in Spain ; or the
Journeys, Adventures, and Imprison-
ments of an Englishman in the Peninsula
By George Borrow. Post Svo, 5s.

The Gypsies of Spain ; their
Manners, Customs, Religion, and Lan-
guage. By George Borrow. Post Svo,

Gatherings from Spain. By
Richard Ford. Post Svo, 3s. 6d.

Portugal, Gallicia, and the
Basque Provinces. By Lord Carnar-
von. Post Svo, 3s. 6d.

Visits to Italy. By Lord
Broughton. 2 vols, post Svo, 185.

Brittany and its Byeways ; with
some Account of its Inhabitants and its

Antiquities. By Mrs. Palliser. Illus-

trations. Post Svo, I2S.

Two Years' Residence in Jut-
land, the Danish Isles, and Copenhagen.
By Horace Marryat. Illustrations.

2 vols, post Svo, 24s.

Sweden and Gothland. By.
HoRACE Marry.\t. Illustrations. 2

vols, post Svo, 28s.

Bubbles from the Brunnen of
Nassau. By Sir Francis Head.
Woodcuts. Post Svo, 7s. 6d.
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General Geography.

Dictionaryof Greek and Roman
Geography. Edited by Wm. Smith,
D. C.L. 2 vols, royal 8vo, 565.

Atlas of Ancient Geography,
Biblical and Classical, compiled under
the superintendence of Dr. Smith and
Mr. Grove. Folio, £6 : 6s.

Student's Manual of Ancient
Geography. By W. L. Bevan, M.A.
Woodcuts. Post 8vo, 7s. 6d.

Student's Manual of Modern
Geography, Mathematical, Physical, and
Descriptive. By W. L. Bevan, M.A.
Woodcuts. Post 8vo, 7s. 6d.

A School Manual of Modern
Geography, Physical and Political. By
John Richardson, M.A. Post 8vo, 5s.

Journal of the Royal Geogra-
phical Society. Svo. From 1831 to the
present time.

Art of Travel ; or Hints on
the Shifts and Contrivances available
in Wild Countries. By Francis Galton.
Woodcuts. Post Svo, 7s. 6d.

HANDBOOKS FOR TRAVELLERS.
Foreign.

Handbook— Travel Talk,—
English, French, German, and Italian.

Arranged for practical use. i6mo, 3s.

6d.

Handbook—Holland and Bel-
gium. Maps and Plans. Post 8vo, 6s.

Handbook— The Rhine and
North Germany, Prussia, Sa.xony, Han-
over, Elsass, etc. Map and Plans. Post
Svo, IDS.

Handbook— Switzerland, The
Alps of Savoy, and Piedmont. Maps,
Post Svo, 9s.

Handbook— South Germany,
Tyrol, Bavaria, Austria, Salzburg,
Styria, Hungary, and the Danube from
Ulm to the IBlack Sea. Map and
Plans. Post Svo, los.

Handbook—France. Part I.

Normandy, Brittany, The French Alps,
Dauphine. Map and Plans. Post Svo,
7s. 6d.

Handbook—France. Part H.
Provence, French Alps, Dauphine,
Auvergne, Alsace, etc. Map and Plans.
Post Svo, 7s. 6d.

Handbook—Paris and its En-
virons. Map. i6mo, 3s. 6d.

Handbook — Mediterranean
Islands, Corsica, Sardinia, Malta, and
Sicily. Maps. Post Svo. [/k the Press.

Handbook—Algeria. Algiers,
Constantin, Oran, the Atlas Range, etc.

Maps. Post Svo, 9s.

Handbook — Spain, Madrid,
The Castiles, Basque, Asturias, Galicia,
Estremadura, Andalusia, Ronda, Gran-
ada, Murcia, Valencia, Catalonia, Aragon,
Navarre, Balearic Islands. Maps.
Post Svo.

Handbook—Portugal, Lisbon,
Oporto, Cintra, Mafra. Map. Post Svo,
I2S.

Handbook—North Italy, Pied-
mont, Nice, Lombardy, Venice, Parma,
Modena, and Romagna. Maps and
Plans. Post Svo, los.

Handbook—Central Italy, Tus-
cany, Florence, Lucca, Umbria, The
Marches, and the Patrimony of St. Peter.
RIap. Post Svo, 10s.

The Cicerone ; or. Art Guide
to Painting in Italy. By Dr. Jacob
BURCKHARDT. PoSt SvO, 6s.

Handbook—Rome and its En-
virons. Map and Plans. Post Svo, 10s.

Handbook—South Italy, Two
Sicilies, Naples, Pompeii, Herculaneum,
Vesuvius, Abruzzi, etc. Maps. Post Svo,
I OS.

Handbook—Egypt ; the Nile,
Egypt, Nubia, Alexandria, Cairo, The
Pyramids, Thebes, Suez Canal, Penin-
sula of Sinai, The Oases, the Fyoom.
Map and Plans. Post Svo, 15s.

Handbook — Greece, Ionian
Islands, Continental Greece, Athens,
Peloponnesus, .^gaean Sea, Albania,
Thessaly, and Macedonia. Maps. Post
Svo, 15s.

Handbook—Turkey in Asia,
Constantinople, The Bosphorus, Darda-
nelles, Brousa, Plain of Troy, Crete,
Cyprus, Smyrna, Ephesus, the Seven
Churches, Coasts of the Black Sea,
Armenia, Mesopotamia. Maps. Post
Svo, 15s.

Handbook— Denmark, Sles-
wig, Holstein, Copenhagen, Jutland,
Iceland. Map. Post Svo, 6s.
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Handbook— Sweden, Stock-
holm, Upsala, Gothenburg, the Shores
of the Baltic, etc. Post 8vo.

Handbook— Norway, Christi-
ania, Bergen, Trondhjem, the Fjelds,
Iceland. Map. Post 8vo, gs.

Handbook—Russia, St. Peters-
burg, Moscow, Poland, Finland, The
Crimea, Caucasus, Siberia, and Central
Asia. Maps. Post 8vo, i8s.

Handbook—Bombay and Ma-
dras. Map. 2 vols. Post 8vo, 12s. each.

Handbook—Holy Land, Syria,
Palestine, Sinai, Edom and the Syrian
Deserts, Jerusalem, Petra, Damascus,
and Palmyra. Maps. Post 8vo, 20s.

Travelling Map of Palestine,
Mounted and /« a Case. 12s.

English.

Handbook—London as it is.

Map and Plans. i6mo, 3s. 6d.

Handbook—Environs of Lon-
don, within 20 mile? round of the Metro-
polis. 2 vols. Post 8vo, 21S.

Handbook—Eastern Counties,
Chelmsford, Harwich, Colchester, Mal-
don, Cambridge, Ely, Newmarket, Bury,
Ipswich, Woodbridge, Felixstowe, Lowe-
stoft, Norwich, Yarmouth, Cromer. Map
and Plans. Post 8vo, 12s.

Handbook—Kent, Canterbury,
Dover, Ramsgate, Rochester, Chatham.
Map. Post 8vo, 7s. 6d.

Handbook—Sussex, Brighton,
Chichester, Worthing, Hastings, Lewes,
Arundel. Map. Post 8vo, 6s.

Handbook—Surrey and Hants,
Kingston, Croydon, Reigate, Guild-
ford, Dorking, Bo.xhill, Winchester,
Southampton, New Forest, Portsmouth,
Isle of Wight. Map. Post 8vo, los.

Handbook—Berks, Bucks, and
O.\on, Windsor, Eton, Reading, Ayles-
bury, Henley, Oxford, Blenheim, and
the Thames. Map. Post 8vo, 7s. 6d.

Handbook—Wilts, Dorset, and
Somerset, Salisbury, Stonehenge, Chip-
penham, Weymouth, Sherborne, Weils,
Bath, Bristol, Taunton. Map. Post 8vo,
10s.

Handbook—Devon and Corn-
wall, E.xeter, Ilfracombe, Linton, Sid-
mouth, Dawlish, Teignmouth, Plymouth,
Devonport, Torquay, Launceston, Pen-
zance, Falmouth, The Lizard, Land's
End. Map. Post 8vo, iss.

Handbook—Gloucester, Here-
ford, and Worcester, Cirencester, Chelt-
enham, Stroud, Tewkesbury, Leominster,
Ross, RIalvern, Kidderminster, Dudley,
Evesham. Map. Post 8vo, 9s.

Handbook — North Wales,
Bangor, Carnarvon, Beaumaris, Snow-
don, Llanberis, Dolgelly, Cader Idris,

Conway. Map. Post 8vo, 7s.

Handbook—SouthWales, Mon-
mouth, Llandaff, Merthyr, Vale of
Neath, Pembroke, Carmarthen, Tenby,
Swansea, the Wye. Map. Post Svo, ys.

Handbook—Derby, Notts, Lei-
cester, and Stafford, Matlock, Bakewell,
Chatsworth, The Peak, Buxton, Hard-
wick, Dovedale, Ashborne, Southwell,
Mansfield, Retford, Burton, Belvoir,
Melton Mowbray, Wolverhampton, Lich-
field, Walsall, Tamworth. Map. Post
8vo, 9s.

Handbook— Shropshire, Che-
shire, and Lancashire, Shrewsbury, Lud-
low, Bridgnorth, Oswestry, Chester,
Crewe, Alderley, Stockport, Birkenhead,
Warrington, Burj', Manchester, Liver-
pool, Burnley, Clitheroe, Bolton, Black-
burn, Wigan, Preston, Rochdale, Lan-
caster, Southport, Blackpool. Map.
Post Svo, los.

Handbook — Yorkshire, Don-
caster, Hull, Selby, Beverley, Scar-
borough, Whitby, Horrogate, Ripon,
Leeds, Wakefield, Bradford, Halifax,
Huddersfield, Sheffield. Map and Plans.
Post 8vO, I2S.

Handbook — Durham and
Northumberland, Newcastle, Darling-
ton, Bishop Auckland, Stockton, Hartle-
pool, Sunderland, Shields, Berwick, Tyne-
mouth, Alnwick. Map. Post Svo, gs.

Handbook—Westmorland and
Cumberland, Lancaster, Fumess Abbey,
Ambleside, Kendal, Windermere, Conis-
ton, Keswick, Grasniere, Ulswater, Car-
lisle, Cockermouth, Penrith, Appleby
Map. Post Svo, 6s.

Travelling Map of the Lake
District, %s. 6d.

Handbook— Ireland, Dublin,
Belfast, Donegal, Galway, Wexford,
Cork, Limerick, Waterford, Killarney,
Munster. Map. Post Svo, 12s.

Handbook— Scotland, Edin-
burgh, Melrose, Abbotsford, Glasgow,
Dumfries, Galloway, Ayr, Stirling, Arran,
The Clyde, Oban, Inverary, Loch Lo-
morid, Loch Katrine and Trossachs, Cale-
donian Canal, Inverness, Perth, Dundee,
Aberdeen, Braemar, Skye, Caithness,
Ross, and Sutherland. Maps and Plans.
Post Svo, gs.
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Handbook for England and
Wales. Alphabetically arranged and
condensed in one Volume. Post 8vo.

Handbook—Herts, Beds, War-
wick, and Northampton. Map. Post
8vo. \_In preparation.

Handbook—Huntingdon, Rut-
land, and Lincoln. Map. Post 8vo.

[/« preparation.

English Cathedrals.

Handbook— Southern Cathe-
drals. Winchester, Salisbury, Exeter,
Wells, Rochester, Canterbury, Chiches-
ter, and ;St. Albans. Illustrations. 2
vols. Crown 8vo, 36s.

*«* St. A Ibans separately, (>s.

Handbook — Eastern Cathe-
drals. O.xford, Peterborough, Ely, Nor-
wich, and Lincoln. Illustrations. Crown
8vo, i8s.

Handbook— Western Cathe-
drals. Bristol, Gloucester, Hereford,
Worcester, and Lichfield. With 60 Illus-

trations. Crown 8vo, i6s.

Handbook— Northern Cathe-
drals. York, Ripon, Durham, Carlisle,

Chester, and Manchester. Illustrations.

2 vols. Crown 8vo, 21s.

Handbook—Welsh Cathedrals.
Llandaff, St David's, Bangor, and St.

Asaph's. Illustrations. Crown 8vo, 15s.

RELIGION AND THEOLOGY.
The Speaker's Commentary on

The Bible. Explanatory and Critical,
With a Revision of the Translation. By
Bishops and Clergy of the Anglican
Church. Edited by Canon Cook. Medi-
um 8vo. Old Testament, 6 vols., 135s.

New Testament, 4 vols. [/« tlie Press.

Dictionary of the Bible ; its

Antiquities, Biography, Geography, and
Natural History. By various Writers.
Edited by Dr. Wm. Smith. Illustra-
tions. 3 vols. 8vo, 105s.

Concise Bible Dictionary. For
the use of Students and Families. Con-
densed from the above. Maps and 300
Illustrations. 8vo, 21s.

Smaller Bible Dictionary; for
Schools and Young Persons. Abridged
from the above. Maps and Woodcuts.
Crown 8vo, 7s. 6d.

Bible Lands. Their Modern
Customs and Manners, illustrative of
Scripture. By Henry Van Lennep,
Illustrations. 8vo, 21s.

Dictionary of Christian Anti-
QUITIES ; comprising the History, Insti-
tutions, and Antiquities of the Christian
Church. Edited by Dr. Wm. Smith,
and Professor Cheetham. Illustrations.
Vol. I. 8vo, 3is. 6d.

Dictionary of Christian Bio-
graphy, Literature, Sects, and Doc-
trines ; from the Times of the Apostles
to the Age of Charlemagne. Edited by
Dr. Wm. Smith and Professor Wage
Vol. I. 8vo, 31S. 6d.

Church Dictionary.
Hook. 8vo, i6s.

By Dean

Student's Manual of Ecclesias-
Tic.AL HiSTOKV. From the earliest ages
of the Christian Church to the Reforma-
tion. By Philip Smith, B.A. Wood-
cuts. Post 8vo, 7s. 6d.

The Student's Manual of Eng-
lish Church History, from the Reforma-
tion to the Present Time. By Rev. G.
G. Pekrv. Post Svo.

Student's Old Testament His-
TORY. From the Creation to the re-
turn of the Jews from Captivity. By
Philip Smith. Woodcuts. Post Svo,
7s. 6d.

Student's New Testament His-
TOKV. With an Introduction connect-
ing the History of the Old .and New
Testaments. By Philip Smith. Wood-
cuts. Post 8vo, 7s. 6d.

The New Testament : Edited,
with a short Practical Commentary, by
Archdeacon Churtok and Bishop Basil
Jones. With 100 Illustrations. 2 vols.
Crown 8vo, 21s. .

History of I^atin Christianity,
including that of the Popes to the Ponti-
ficate of Nicholas V. By Dean M I lm AN.
9 vols, crown Svo, 54s.

Book of Common Prayer
;

with Historical Notes. By Rev. Thomas
James. With Initial Letters, Vignettes,
etc. Svo, 1 8s.

Signs and Wonders in the Land
of Ham. a description of the Ten
Plagues of Egypt, with Ancient and
Modern Parallels and Illustrations. By
Rev. T. S. MiLLiNGToN. Woodcuts.
Svo, 7s. 6d.

The Messiah : A Narrative of
The Life, Sufferings, Death, Resurrec-
tion, and Ascension of our Blessed Lord.
Map. Svo, i8s.
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History of the Christian Church
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into the Development of Mythology,
Philosophy, Religion, Art, and Custom.
By E. B. Tylor. 2 vols. 8vo, 24s.

Ricardo's Political Works.
With a Biographical Sketch. By J. R.
M'CULLOCH. 8vo, 16s.

Local Taxation of Great Britain
and Ireland. By R. H. I. Palgrave.
Svo, 5s.

I

Notes on Banking in Great
Britain and Ireland, Sweden, Denmark,
and Hamburg. By R. H. I. Palgrave.
Svo, 6s.

History of British Commerce,
and of the Economic Progress of the

Nation, 1763-1870. By Leone Levi.

8vo, 1 6s.

Ideas of the Day on Policy-
By Charles Buxton. Svo, 6s.

Judgments of the Privy Council,
with an Historical Account of the Appel-
late Jurisdiction in the Church of Eng-
land. By G. C. Brodrick and W. H.
Fremantle. Svo, ios. 6d.

Parliamentary Government and
Reform ; with Suggestions for the Im-
provement of our Representative System.
By Earl Grey. Svo, gs.

History of the English Poor
Laws. By Sir Geo. Nicholls. 2 vols.

Svo.

Consolation in Travel; or. The
Last Days of a Philosopher. By Sir

Humphry Davy. Woodcuts. Fcap.
Svo, 3s. 6d.

GENERAL LITERATURE AND PHILOLOGY.

The Quarterly Review. Svo, 6s.

Prince Albert's Speeches and
Addresses on Public Occasions ; with an
outline of his Character. Portrait. Svo,

IOS. 6d. ; or fcap. Svo, is.

Art, Travel, and Archaeology
;

Sketches and Studies, Historical and
Descriptive. By Richard J. King.
Svo, I2S.

The Talmud and other Literary
Remains of Emanuel Deutsch. With
a Memoir. Svo, 12s.

Purity in Musical Art. By
Justus Thibaut. Translated, with Pre-

fatory Memoir, by W. H. Gladstone,
M.P. Post Svo.

Letters, Lectures, and Reviews,
including the Phrontisterion, or Oxford
in the 19th Century. By Dean Mansel.
Svo, I2S.

The Novels and Novelists of
the 18th Century ; in Illustration of the

Manners and Morals of the Age. By
Wm. Forsyth. Post Svo, los. 6d.

HistoryofAncient Manuscripts.
By Wm. Forsyth. Post Svo, 2S. 6d.

Miscellanies. By Earl Stan-
hope. 2 vols, post Svo, 13s.

Historical Essays. By Earl
Stanhope. Post Svo, 3s. 6d.

French Retreat from Moscow,
and other Essays. By the late Earl

Stanhope. Post Svo, 7s. 6d.

The Papers of a Critic. Se-
lected from the Writings of the late

C. W. DiLKE. 2 vols. Svo, 24s.

Etruscan Inscriptions. Ana-
lysed, Translated, and Commented upon.

By Earl of Crawford. Svo, 12s.

The Gypsies of Spain ; their
Manners, Customs, Religion, and
Language. By George Borrow.
With Portrait. Post Svo, 5s.
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The Bible in Spain ; or, the
Journeys, Adventures, and Imprison-
ments of an Englishman in an attempt
to circulate the Scriptures in the Pen-
insula. By George Borrow. Post
8vo, 5s.

Lavengro : the Scholar— the
Gipsy—and the Priest. By George
Borrow. Post Svo, 5s.

The Romany Rye : a Sequel
to 'Lavengro.' By George Borrow.
Post Svo, 5s.

Wild AVales : its People, Lan-
guage, and Scenery. By George Bor-
row. Post Svo, ss.

Field Paths and Green Lanes :

being Country Walks, chiefly m Surrey
and Sussex. By Louis J. Jennings.
Post Svo.

The Wayside Cross. A Tale
of the Carlist War. By Capt. E. A.
MiLMAN. Post Svo, 2S.

Livonian Tales. By a Lady.
Post Svo, 2S.

The Amber-Witch : a Trial for
Witchcraft. Translated by Lady Duff
Gordon. Post Svo, ss.

The Handwriting of Junius.
Professionally investigated by C. Chabot.
Edited bythe Hon.EowAKD Twisleton.
With Facsimiles. 4to, 63s.

The Literary History of Europe.
By Henry Hallam. Library edition,

3 vols. Svo, 36s. ; or Cabinet edition, 4
vols, post Svo, i6s.

History of Flemish Literature,
from the 12th Century to the Present
Time. By O. Delepierre. Svo, gs.

Historical Difficulties and Con-
tested Events. By Octave Delefierre.
Post Svo, 6s.

Handbook of Familiar Quota-
tions from English Authors. Foorlh
Edition. Fcap. Svo. {In the Press.

Pilgrimages to Walsingham
and Canterbury. By Erasmus. With
Notes. By J. G. Nichols, F.S.A.
Illustrations. Post Svo, 6s.

Stokers and Pokers, or the
London and North - Western Railway.
By Sir F. Head. Post Svo, 2S.

Blind People : their Works and
Ways. With Sketches of some Famous
Blind Men. By Rev. B. G. Johns.
Illustrations. Post Svo, 7s. 6d.

Specimens of the Table-Talk
of Samuel Taylor Coleridge. Por-
trait. Fcap. Svo, 3s. 6d.

The Remains in Prose and
Verse of Arthur Hallam. With Memoir.
Portrait. Fcap. Svo, 3s. 6d.

Self-Help. With Illustrations
of Conduct and Perseverance. By
Samuel Smiles. Small Svo, 6s.

Character. A Companion
to 'Self-Help.' By Samuel Smiles.
Small Svo, 6s.

Thrift. A Book of Domestic
Counsel. By Samuel Smiles. Post
Svo, 6s.

My Boyhood ; a True Story.
By H. C. Barkley. With Illustrations.
Post Svo.

Mottoes for Monuments ; or,
Epitaphs selected for General Study and
Application. By Mrs. Palliser. Il-

lustrations. Crown Svo, 7s. 6d.

Words of Human Wisdom.
Collected and Arranged by E. S. With
Preface by Canon LiDDON. Fcap. Svo,
3s. 6d.

TheTaleofFrithiof. ByEsAiAS
Tegner. Translated from the Swedish
by Capt. Sp.alding. Post Svo, 7s. 6d.

^sop's Fables. A new Ver-
sion. With Historical Preface. By Rev.
Thomas James. Woodcuts. Post Svo,
2S. 6d.

Letters from the Baltic. By a
Lady. Post Svo, 2s.

Literary Essays from the
' Times.' By Samuel Phillips. Por-
trait. 2 vols. fcap. Svo, 7s.

Rejected Addresses. By James
and Horace Smith. Woodcuts. Post
Svo, 3s. 6d. ; or fcap. Svo, is.

Lispings from Low Latitudes
;

or, the Journal of the Hon. Impulsia
Gushington. Edited by Lord Dufferin.
Plates. 4to, 21s.

Dictionary of the English
Language, based upon the best Philo-
logic authorities. Medium Svo.

[/« the Press.

Puss in Boots. With Illus-
trations. By Otto Speckter. i6mo,
IS. 6d. ; or coloured 2s. 6d.

An English Grammar. Metho-
dical, Analytical, and Historical. With
a Treatise on the Orthography, Prosody,
Inflections, and Synta.\ of the English
Tongue. By Professor Maetzner.
3 vols. Svo, 36s.

Shall and Will ; or,
, Future

Auxiliary Verbs. By Sir Edmund Head.
Fcap. Svo, 4s.

Romano Lavo-Lil ; Word-Book
of the Romany, or English Gypsy Lan-
guage

; with an Account of certain
Gypsyries. By George Borrow. Post
Svo, I OS. 6d.



in Poetry and the Drama. 23

POETRY, THE DRAMA, ETC.

The Prose and Poetical Works
of Lord Byron. With Notes by
Scott, Jeffrey, Wilson, Gifford,
Crabbe, Heber, Lockhart, etc. etc.

and Notices of his Life. By Thoma.s
Moore. Illustrations. 2 vols, royal 8vo,

15s.

Poetical Works of Lord Byron.
Library edition. Portrait. 6 vols. 8vo,

45s.

Poetical Works of Lord Byron.
Cabinet Edition. Plates. 10 vols. fcap.

8vo, 30s.

Poetical Works of Lord Byron.
Pocket Edition. 8 vols, bound and in a
case. i8mo, 21s.

Poetical Works of Lord Byron.
Popular edition. Plates. Royal 8vo,

7s. 6d.

Poetical Works of Lord Byron.
Pearl Edition. Post 8vo, 2S. 6d.

Childe Harold. By Lord Byron.
80 Engravings. Crown 8vo, 12s.

Childe Harold. ByLord Byron.
2S. 6d., IS., and 6d. each.

Tales and Poems. By Lord
Byron. 24mo, 2s. 6d.

Miscellanies. By Lord Byron.
2 vols. 24mo, 5s.

Dramas. By Lord Byron.
2 vols. 24mo, 5S.

Don Juan and Beppo. By
Lord Byron. 2 vols. 24mo, 5s.

Beauties of Byron. Prose and
Verse. Portrait. Fcap. 8vo, 3s. 6d.

Oliver Goldsmith's Works, edit-

ed by Peter Cunningham. Vignettes.

4 vols. 8vo, 30s.

Pastoral Colloquies on the
South Downs—Prophecy and Miracles.

By Canon Selwvn, D.D. Small 4to,

6s.

Argo : or the Quest of the
GnWen Fleece, a Metrical Tale in ten
books. By tlie Earl of GpAV/FOED and
Balcarres. 8vo, los. 63.

Vie de Seint Auban : a poem
in Norman-French, ascribed to Matthew
Paris. Edited, with Concordance, Glos-
sary, and Notes, by Robert Atkin-
son, M.A., LL.D. Small 4to, los. 6d.

The Vaux-de-Vire of Maistre
Jean le Houx, Advocate of Vire. Trans-
lated by J. P. MuiRHEAD. Illustrations.

8vo, 21S.

Lives of Eminent English Poets.
By Samuel Johnson. Edited by
Peter Cunningham. 3 vols. 8vo,

22s. 6d.

Life and Poetical Works of
Rev. George Crabbe. Plates, royal

8vo, 7s.

Life and AVorks of Alexander
Pope. Edited by Rev. W. Elwin.
Portraits, vols, i to 5. 8vo, los. 6d. each.

Iliad of Homer. Translated
into English blank verse. By the Earl
of Derby. 2 vols, post 8vo, los.

Poetical Works of Bishop
Heber. Portrait. Fcap. 8vo, 3s. 6d.

Hymns adapted to the Church
Service. By Bishop Heber. j6mo, is. 6d.

The Sonnet; its Origin, Struc-
ture, and Place in Poetry. With Trans-
lations from Dante and Petrarch. By
Charles Tomlinson. Post 8vo, gs.

The Fall of Jerusalem. By
Dean Milman. Fcip. 8vo, is.

Horace. Illustrated with loo
Woodcuts. Post 8vo, 7s. 6d.

Ancient Spanish Ballads.
Historical and Romantic. Translated
by J. G. Lockhart. Woodcuts. Crown
8vo, 5s.

Remains in Prose and Verse of
Arthur Hallam. With Memoir. Por-
trait. Fcap. 8vo, 3s. 6d.

Rejected Addresses. By James
and Horace Smith. With Biographical
Notices. Portraits. Post 8vo, 3s. 6d. ; or

fcap. 8vo, IS.

An Essay on English Poetry.
With short lives of the British Poets. By
Thomas Campbell. Post 8vo, 3s. 6d.

Poems and Fragments of Ca-
tullus. Translated in the Metres of the

Original. By Robinson Ellis. i6mo, 5s.

Poetical Works of Lord
Houghton. New Edition. 2 vols. fcap.

8vo.

Gongora's Poetical Works.
With an Historical Essay on the Age of

Philip III. and IV. of Spain. By Arch-
deacon Churton. Portrait. 2 vols, small

8to, I2S.

Poetical Remains of the late
Archdeacon Churton. Post 8vo, 2s. 6d.
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NAVAL AND MILITARY WORKS.
Army List. (Published by

Authority.) With an Alphabetical Index.
Monthly. i6mo, 2S.

Navy List. (Published by
Authority.) Quarterly, i6mo, 3s.

Monthly, is. 6d.

Nautical Almanack. (Pub-
lished by Authority.) 8vo, 2S. 6d.

Hart's Army List. (Published
Quarterly and Annually. ) 8vo, los. 6d.

Admiralty Publications, issued
by direction of the Lords Commissioners
of the Admiralty.

Admiralty Manual of Scientific
Enquiry, for the use of Travellers.

Edited by Sir J. Herschel and Robert
Main. Woodcuts. Post 8vo, 3s. 6d.

A Dictionary of Naval and
Military Technical Terms. English-
French, French-English. By Colonel
Burn. Crown 8vo, 15s.

Shipbuilding in Iron and Steel

;

a Practical Treatise, giving full details of

Construction, Processes of Manufacture,
and Building Arrangements, with Results

and Experiments on Iron and Steel, and
on the Strength and Watertightness of

riveted work. By E. J. Reed, C.B.
Illustrations. 8vo.

Our Ironclad Ships : their
Qualities, Performances, and Cost, includ-

ing Chapters on Turret Ships, Ironclad

Rams, etc. By E. J. Reed, C.B. Illus-

trations. 8V0, I2S.

Manual of Naval Architecture
for the Use of Naval Officers. By W.
H. White. With Illustrations. 8vo.

Modern Warfare as Influenced
by Modern Artillery.

Macdougall. Plans.
By Col. P. L.
Post 8vo, 12s.

Naval Gunnery ; for the Use
of Officers and the Training of Seaman
Gunners. By Sir Howard Douglas.
8vo, 21s.

The Royal Engineer and the
Royal Establishments at Woolwich and
Chatham. By Sir Francis B. Head.
Illustrations. 8vo, 12s.

The Principles and Practice of
Modern Artillery, including Artillery

Material, Gunnery, and Organisation and
Use of Artillery in Warfare. By Lieut.

-

Col. C. H. Owen. Illustrations. 8vo,

15s.

The Administration of Justice
under Military and Martial Law, as

applicable to the Army, Naval, Marine,
and Auxiliary Forces. By Charles M.
ClODE. 8vO, I2S.

History of the Administration
and Government of the British Army from
the Revolution of 1688. By C. M. Clode.
2 vols. 8vo, 21S. each.

Constitution and Practice of
Courts-Martial, with a Summary of the

Law of Evidence, and some Notice of the

Criminal Law of England with reference

to the Trial of Civil Offences. By Capt.
T. F. Simmons, R.A. 8vo, 153.

Origin and History of the First
or Grenadier Guards, from Docu-
ments in the State Paper Office, War
Office, Horse Guards, Contemporary
History, Regimental Records, etc. By
Sir F. W. Hamilton. Illustrations. 3
vols. 8vo, 63s.

History of the Royal Artil-
lery. Compiled from the Original Re-
cords. By Major Francis Duncan.
2 vols. 8vo, 30s.

Wellington's Despatches and
Correspondence, 1799-1815. Edited by
Col. Gurwood. 8 vols. 8vo, .£8 : 8s.

Wellington's Supplementary
Despatches and Correspondence. Edited
by his Son. 14 vols. 8vo, 20s. each. An
index. 8vo, 20s.

Young Officer's Companion
;

or. Essays on Military Duties and Quali-

ties, with Examples and Illustrations

from History. By Lord De Ros. Post
8vo, 9s.

Lives of the Warriors of the
Seventeenth Century. By Gen. Sir

Edward Cust. 6 vols, post 8vo.

ist Series.—The Thirty Years' War,
1600-48. 2 vols. i6s. id Series.—The
Civil Wars of France and England.
1611-75. 2 vols. i6s. ^d Series. —Com-
manders OF Fleets and Armies, 1648-

1704. 2 vols. i8s.

Deeds of Naval Daring ; or,

Anecdotes of the British Navy. By
Edward Giffard. Fcap. 8vo, 3s. 6d.

Annals of the Wars of the
iSthand 19th Centuries, 1700-1815. Com-
piled from the most Authentic Histories

of the Period. By Gen. Sir E. CuST.
Maps. 9 vols. fcap. 8vo, 5s. each.
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RURAL AND DOMESTIC ECONOMY, ETC.

Trees and Shrubs, Native and
Foreign, which will flourish in the Open
Air in our CHmate ; with Classified Lists
of the several Species. By A. Mon-
GREDIEN. Illustrations. 8vo, i6s.

Plain Instructions in Gardening

;

with a C.ilendar of Operations and Di-
rections for every Month. By Mrs.
Loudon. Woodcuts. Fcap. 8vo, 3s. 6d.

A Geographical Handbook of
Ferns. By K, M. Lyell. Post 8vo,
7s. 6d.

Alpine Plowers for English
Gardens. How they may be grown in

all parts of the British Islands. By W.
Robinson. Illustrations. Crown Bvo, 12s,

Sub -Tropical Garden ; or,

Beauty of Form in the Flower Garden,
with Illustrations of all the finer Plants
used for this purpose. By W. RoBiNSON.
Illustrations. Small Bvo, 7s. 6d.

Wild Garden ; or, How to
make our Groves and Shrubberies beauti-
ful by the Naturalisation of Hardy Exotic
Plants. By W. Robinson. Crown8vo,6s.

Modern Domestic Cookery,
Founded on Principles of Economy and
Practice, and adapted for private families.

By a Lady. Fcap. 8vo, 5s.

Thrift : a Book of Domestic
Counsel. By Samuel Smiles. Small
8vo, 6s.

Royal Agricultural Journal
(published half-yearly). Bvo.

Bees and Flowers. By Rev.
Thomas James. Fcap. 8vo, is. each.

Music and Dress. By a Lady.
Fcap. 8vo, is.

Art of Dining ; or, Gastro-
nomy and Gastronomers. Fcap. Bvo,
IS. 6d.

Choice of a Dwelling ; a
Practical Handbook of Useful Informa-
tion on all Points connected with Hiring,

Buying, or Building a House. Plans.

Post 8vo, 7s. 6d.

The Gentleman's House ; or,

How to Plan English Residences, from
the Parsonage to the Palace. With
Tables of Cost and Plans. By Robert
Kerr. Illustrations. 8vo, 24s.

A Small Country House. Brief
Directions on the Planning of a Residence
to cost from ;£ 2000 to ;£ 7000. By Robert
Kerr. Post Bvo, 3s.

FIELD SPORTS.

Dog-breaking ; the most Ex-
peditious, Certain, and Easy Method.
By General Hutchinson. Woodcuts.
8vo, 7s. 6d.

Some Account of Deer and
Deer Parks, with Notes on their Man-
agement. By Evelyn P. Shirley.
Illustrations. Fcap. 4to, 21s.

Wild Sports and Natural His-
tory of the Highlands. By Charles
St. John. Post Bvo, 3s. 6d.

The Chase—The Turf—and
the Road. By Nimrod. Illustrations.

Crown Bvo, ss. ; or coloured plates, 7s. 6d.

Salmonia ; or days of Fly-Fish-
ing. By Sir Humphry Davy. Wood-
cuts. Fcap. Bvo, 3s. 6d.

Horse -Shoeing; as it is, and
as it should be. By William Douglas.
Plates. Post ZsQ, 7s. 6d.

Five Years' Adventures in the
far Interior of South Africa mth the
Wild Beasts and Wild Tribes of the
Forests. By R. Gordon Cumming.
Woodcuts. Post 8vo, 6s.

Sport and War. Recollections
of Fighting and Hunting in South Africa,

from 1834-67, with an Account of the

Duke of Edinburgh's Visit. By General
Bisset, C. B. Illustrations. Crown Bvo,

14s.

Western
Tribes
Drummond Hay

Barbary, its Wild
and Savage Animals. By Sir

Post Bvo, 2S.

Sport in Abyssinia. By Earl
of Mayo. Illustrations. Crown 8vo, 12s.
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EDUCATIONAL WORKS.

DR. WM. SMITH'S
DICTIONARIES.

A Dictionary of the Bible ; Its
Antiquities, Biography, Geography, and
Natural History. Illustrations. 3 vols.
8vo, 105s.

A Concise Bible Dictionary.
For the use of Students and Families.
Condensed from the above. With Maps
and 300 Illustrations. 8vo, 21s.

A Smaller Bible Dictionary.
For Schools and Young Persons.
Abridged from the above. With Maps
and Woodcuts. Crown 8vo, 7s. 6d.

A Dictionary of Christian An-
tiquities. The History, Institutions, and
Antiquities of the Christian Church.
With Illustrations. Vol. I. Medium
8vo, 31S. 6d.

A Dictionary of Christian Bio-
graphy, Literature, Sects, and Doctrines.
From the Time of the Apostles to the
Age of Charlemagne. Vol. I. Medium
8vo, 3 IS. 6d.

A Dictionary of Greek and
Roman Antiquities. Comprising the
Laws, Institutions, Domestic Usages,
Painting, Sculpture, Music, the Drama,
etc. With 500 Illustrations. Medium
8vo, 28s.

A Dictionary of Greek and
Roman Biography and Mythology, con-
taining a History of the Ancient World,
Civil, Literary, and Ecclesiastical, from
the earliest times to the capture of Con-
stantinople by the Turks. With 564
Illustrations. 3 vols. Medium 8vo, 84s.

A Dictionary of Greek and
Roman Geography, showing the Re-
searches of modern Scholars and Travel-
lers, including an account of the Political
History of both Countries and Cities, as
well as of their Geography. With 530
Illustrations. 2 vols. Medium 8vo, 56s.

A Classical Dictionary of
.: Mythology, Biography, and Geography.

With 750 Woodcuts. 8vo, i8s.

A Smaller Classical Dictionary.
Abridged from the above. With 200
Woodcuts. Crown 8vo, 7s. 6d.

A Smaller Dictionary of Greek
and Roman Antiquities. Abridged from
the larger work. With 200 Woodcuts.
Crown 8vo, 7s. 6d.

A Latin - Enghsh Dictionary.
Based on the works of Forcellini and
Freund. With Tables of the Roman
Calendar, Measures, Weights, and
Monies. Medium 8vo, 21s.

A Smaller Latin-English Dic-
tionary. With Dictionary of Proper
Names, and Tables of Roman Calendar,
etc. Abridged from the above. Square
i2mo, 7s. 6d.

An English-Latin Dictionary,
Copious and Critical. Medium 8vo, 21s.

A Smaller English -Latin Dic-
tionary. Abridged from the above.
Square i2mo, 7s. 6d.

A Mediaeval Latin-English Dic-
tionary. Founded on the Work of
Ducange. Illustrated and enlarged by
additions, derived from Patristic and
Scholastic Authors, Medieval Histories,
&c.. Ancient and Modern. By E. A.
D.WMAN, B.D.,andJ. H. Hessels.

[Ill Preparation.

MARKHAM'S HISTORIES.
A History of England, from

the First Invasion by the Romans. Con-
tinued down to 1867. With Conversa-
tions at the end of each Chapter. By
Mrs. Markham. With loo Woodcuts.
i2mo, 35. 6d.

A History of France, from the
Conquest by the Gauls. Continued
down to 1861. With Conversations at
the end of each Chapter. By Mrs.
Markha.m. Woodcuts. i2mo, 3s. 6d.

A History of Germany, from
the Invasion of the Kingdom by the
Romans under Marius. Continued down
to 1867. On the Plan of Mrs. Makkham.
With 50 Woodcuts. i2mo, 3s. 6d.

Little Arthur's History of Eng-
land. By Lady Callcott. Continued
down to the year 1872. With 36 Wood-
cuts. i6mo, IS. 6d.
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MURRAY'S
STUDENT'S MANUALS.
A Series of Historical Class Books

for advanced Scholars. Forming a

complete chain of History from the

earliest ages to modem times.

Student's Old Testament His-
tory, from the Creation to the Return
of the Jews from Captivity. With an
Introduction by Philip Smith. Maps
and Woodcuts. Post 8vo, 7s. 6d.

Student's New Testament His-
tory. With an Introduction connecting
the History of the Old and New Testa-
ments. By Philip Smith. Maps and
Woodcuts. Post 8vo, 7s. 6d.

Student's Manual of Ecclesias-
tical History of the Christian Church,
from the Earliest Times to the Eve of

the Protestant Reformation. By Philip
Smith. Woodcuts. Post 8vo, 7s. 6d.

Student's Ancient History of
the East. Egypt, Assyria, Babylonia,
Media, Persia, Phoenicia, &c. By Philip
Smith. Post Bvo, 7s. 6d.

Student's History of Greece,
from the Earliest Times to the Roman
Conquest ; with the History of Literature

and Art. By Dr. Wm. Smith. Wood-
cuts. Post 8vo, 7s. 6d.

Student's History of Rome,
from the Earliest Times to the Establish-

ment of the Empire ; with the History of
Literature and Art. By Dean Liddell.
Woodcuts. Post 8vo, 7s. 6d.

Student's History of the Decline
and Fall of the Roman Empire. By
Edw.\rd Giueon. Woodcuts. Post
8vo, 7s. 6d.

Student's History of Europe
during the Middle Ages. By Henry
Hallam. Post 8vo, 7s. 6d.

Student's History of England
from the Accession of Henry VII. to

the Death of George II. By Henry
Hallam. Post 8vo, 7s. 6d.

Student's Hume : a History of
England from the Invasion of Julius
C^sar to the Revolution in 1688. By
David Hume. Corrected and continued
to 1868. Woodcuts. Post 8vo, 7s. 6d.

Student's History of France,
from the Earliest Times to the Establish-
ment of the Second Empire, 1852. By
Rev. W. H. Jervis. Woodcuts. Post
8vo, 7s. 6d.

Student's Manual of Ancient
Geography. By Rev. W. L. Bevan.
Woodcuts. Post 8vo, 7s. 6d.

Student's Manual of Modem
Geography, Mathematical, Physical, and

^Descriptive. By Rev. W. L. Bevan.
Woodcuts. Post 8vo, 7s. 6d.

Student's Manual of the English
Language. By George P. Marsh.
Post 8vo, 7s. 6d.

Student's Manual of English
Literature. By T. B. Shaw. Post 8vo,
7s. 6d.

Student's Specimens of English
Literature. By T. B. Shaw. Post
8vo, 7s. fid.

Student's Manual of Moral
Philosophy. With Quotations and Re-
ferences. By William Fleming. Post
8vo, 7s. fid.

Student's Blackstone : An
Abridgment of the Commentaries,
adapted to the altered state of the Law.
By Dr. Malcolm Kerr. Post 8vo,
7s. fid.

SMALLER HISTORIES.
A Smaller Scripture History of

the Old and New Testaments. Wood-
cuts, ifimo, 3s. fid.

A Smaller Ancient History of
the East, from the Earliest Times to the
Conquest of Alexander the Great.
With 70 Woodcuts, ifimo, 3s. fid.

A Smaller History of Greece,
from the Earliest Times to the Roman
Conquest. With 74 Woodcuts. i6mo,
3.S. fid.

A Smaller History of Rome,
from the Earliest Times to the Establish-
ment of the Empire. Woodcuts, ifimo,
3s. fid.

A Smaller Classical Mythology.
With Translations from the Ancient
Poets, and Questions on the Work. With
90 Woodcuts, ifimo, 3s. fid.

A Smaller Manual of Ancient
Geography. With 3fi Woodcuts, ifimo,
3s. fid.

A School Manual of Modern
Geography, Political and Physical,
ifimo, 5s.

A Smaller History of England,
from the Earliest Times to the year
i8fi8. With fiS Woodcuts, ifimo, 3s, fid.

A Smaller History of English
Literature ; giving a Sketch of the Lives
of our chief Writers, ifimo, 3s. fid.

Short Specimens of English
Literature. Selected from the chief
Authors, and arranged chronologically
ifimo, 3s. 6d.
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ENGLISH COURSE.
A Primary History of Britain

for Elementary Schools. Edited by
Dr. Wm. Smith. i2nio, 2S. 6d.

A School Manual of English
Grammar, with Copious E.xercises. By

- Dr. WiM. Smith and T. D. Hall, M.A.
PostSvo, 3S. 6d.

A Primary English Grammar
for Elementary Schools. With Exer-
cises and Questions. Founded on the
above work. By T. D. Hall. i6mo,
IS.

A School Manual of Modern
Geography, Physical and Political. By
John Richardson, M.A. Post Svo, 5s.

LATIN COURSE.
Principia Latina, Part I. A

First Latin Course, comprehending Gram-
mar, Delectus, and Exercise Book, with
Vocabularies. With Accidence adapted
to the "Ordinary Grammars," as well
as the "Public School Latin Primer."
i2mo, 3s, 6d.

Appendi.x to Principia Latina,
Part I. : Additional Exercises, with
Examination Papers, on Principia Latina,
Part L By William Smith, D.C.L.,
LL. D. i2mo, 2S. 6d.

Principia Latina, Part IL A
Latin Reading Book, an Introduction to

Ancient Mythology, Geography, Roman
Antiquities, and History. With Notes
and Dictionary. i2mo, 3s. 6d.

Principia Latina, Part III. A
Latin Poetry Book, containing Easy
Hexameters and Pentameters, Eclogae
Ovidianae, Latin Prosody, First Latin
Verse Book. i2mo, 3s. 6d.

Principia Latina, Part IV.
Latin Prose Composition, containing the
Rules of .Synta,x, with copious E.xamples,
and Exercises on the Syntax. i2mo,
3s. 6_d.

_

Principia Latina, Part V.
Short Tales and Anecdotes from Ancient
History, for Translation into Latin Prose.
i2mo, 3s.

A Latin-EnglishVocabulary: ar-

ranged according to subjects and ety-

mology ; with a Latin-English Dictionary
to Phcedrus, Cornelius Nepos, and
Caesar's " Gallic War." i2mo, 3s. fid.

The Student's Latin Grammar.
Post Svo, 6s.

A Smaller Latin Grammar.
Abridged from the above. i2mo, 3s. 6d.

Tacitus. Germania, Agricola,
and First Book of the Annals. With
English Notes. By Dr. W. Smith.
i2mo, 3s. 6d.

A Child's First Latin Book,
including a systematic treatment of the

New Pronunciation ; and a full Praxis of

Nouns, Adjectives, and Pronouns. By
T. D. Hall, M.A. i6mo, is. 6d.

GREEK COURSE,
Initia Grseca, Part I. A First

Greek Course : comprehending Grammar,
Delectus, and Exercise-book. With
Vocabularies. i2mo, 3s. 6d.

Initia Graeca, Part II. A
Greek Reading Book, containing Short
Tales, Anecdotes, Fables, Mythology,
and Grecian History. Arranged in a
systematic progression, with Lexicon.
i2mo, 3s. 6d.

Initia Graeca. Part III. Greek
Prose Composition : containing a Syste-
matic Course of Exercises on the Syn-
tax, with the Principal Rules of Syntax,
and an English - Greek Vocabulary to
the Exercises. i2mo, .3s. 6d.

The Student's Greek Grammar.
By Professor Curtius. Post Svo, 6s.

A Smaller Greek Grammar.
Abridged from the above. i2mo, 3s. 6d.

Greek Accidence. Extracted
from the above work. i2mo, 2s. 6d.

Elucidations of Curtius's Greek
Grammar. Translated by Evelyn
Abbott. Post Svo, 7s. 6d.

Plato. The Apology of So-
crates, the Crito, and Part of the Phasdo ;

with Notes in English from Stallbaum, and
Schleiermacher's Introductions. By Dr.
Wm. Smith. i2ino, 3s. 6d.

FRENCH COURSE.
French Principia, Part I. A

First French Course, containing Gram-
'Ji mar. Delectus, Exercises, and Vocabu-

laries. i2mo, 3s. 6d.

French Principia, Part II.
A Reading Book, with Notes, and a
Dictionary. i2mo, 4s. 6d.

Student's French Grammar

:

a Practicil and Historical Grammar of
the French Language. By C. Heron-
Wall. With an Introduction by M.
Littre. Post Svo, 7s. 6d.

A Smaller Grammar of the
French Language. For the Middle and
Lower Forms. Abridged from the
above. i2mo, 3s. 6d.

GERMAN COURSE.
German Principia, Part I. A

First German Course, containing Gram-
mar, Delectus, Exercises, and Vocabu-
lary. i2mo, 3s. 6d.

German Principia. Part II. A
Reading Book, with Notes and a Dic-
tionary. T2mo, 3s. 6d.

A Practical Grammar of the
German Language, with an Historical

development of the Language. By Dr.
Leonard Schmitz. Post Svo, 3s. 6d.
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SCHOOL BOOKS.

An English Grammar. A
Methodical, Analytical, and Historical

Treatise on the Orthography, Prosody,

Inflections, and Syntax of the English

Tongue. By Professor Maetzner.
Translated by Clair J. Grece, LL.D.
3 vols. 8vo, 36s.

King Edward VI.'s Latin Ac-
cidence ; or, Elements of the Latin

Tongue, for the Use of Junior Classes.

i2mo, 23. 6d.

King Edward VI.'s Latin Gram-
mar : or, An Introduction to the Latin

Tongue. i2mo, 3s. 6d.

English Notes for Latin Ele-

giacs. Designed for early proficients in

the art of Latin Versification. By Rev.

W. OXENHAM. j2mo, 3S. 6d.

Principles of Greek Etymology.
By Professor Curtius. Translated

by A. S. WiLKiNS, M.A., and E. B.

England, M.A. 2 vols. 8vo, 15s. each.

Principia Grseca : an Intro-

duction to the Study of Greek, compre-

hending Grammar, Delectus, and
Exercise Book, with Vocabularies. By
H. E. HuTTON, M.A. i2mo, 3s. 6d.

Buttman's Lexilogus ; a Critical

Examination of the Meaning and Ety-

mology of Passages in Greek Writers.

Translated, with Notes, by Fishlake.
8vo, 12s.

Buttman's Greek Verbs; with
all the Tenses—their Formation, Mean-
ing, and Usage, accompanied by an In-

dex. Translated, with Notes, by Fish-

lake. Post Svo, 6s.

Matthise's Greek Grammar.
Abridged by Blomfield. Revised by
Crooke. Post 8vo, 4S.

A Popular Etymological Dic-
tionary of the French Language. By
Edward Pick, Ph.D. Svo, 7s. 6d.

Horace. With loo Vignettes.
Post Svo, 7s. 6d.

A Practical Hebrew Grammar
;

with an Appendix, containing the Heb-
rew Te.\t of Genesis I. VI. and Psalms

I. VI. Grammatical Analysis and Voca-
bulary. By Rev. Stanley Leathes.
Post Svo, 7s. 6d.

The Poems and Fragments of
Catullus. By Robinson Ellis, Fcap.

Svo, 5s.

First Book of Natural Philo-
sophy: an Introduction to the Study of
Statics, Dynamics, Hydrostatics, Optics,
and Acoustics, with numerous Examples.
By Professor Newth. Small Svo, 3s. 6d.

Elements of Mechanics, includ-
ing Hydrostatics, with numerous exam-
ples. By Professor Newth. Small Svo,
Ss. 6d.

Mathematical Examples. A
Graduated Series of Elementary E.xam-
ples in Arithmetic, Algebra, Logarithms,
Trigonometry, and Mechanics. By Pro-
fessor Newth. Small Svo, Ss. 6d.

Stories for Children. Selected
from the History of England. By J. W.
Croker. Woodcuts. i6mo, 2s. 6d.

Progressive Geography for
Children. By J. W. Croker. iSmo,
IS. 6d.

^sop's Fables, A New Version,
chiefly from Original Sources, by Rev.
Thomas James. With 100 Woodcuts.
Post Svo, 2S. 6d.

Gleanings in Natural History
for Schools, With Anecdotes of the
Sagacity and Instinct of Animals. By
Edward Jesse. Fcap. Svo, 3s. 6d.

Philosophy in Sport made
Science in Earnest ; or Natural Philo-

sophy inculcated by the Toys and Sports
of Youth. By Dr. Paris. Woodcuts.
Fcap. Svo, 7s. 6d.

The Charmed Roe ; or, The
Little Brother and Sister. By Otto
Speckter. Illustrations. i6mo, 5s.

Hymns in Prose for Children.
by Mrs. Barbauld. Illustrations.

Fcap. 8vo.

Puss in Boots. By Otto Speck-
ter. Illustrations. i6mo, is, 6d.

Self- Help ; with Illustrations
of Conduct and Perseverance. By
Samuel Smiles. Small Svo, 6s.

Character: a Companion to
" Self- Help." By Samuel Smiles.
Small Svo, 6s.

Thrift : a Book of Domestic
Counsel. By S.amuel Smiles. Small
Svo, 6s.

A Boy's Voyage Round the
World. Illustrations, By Samuel
Smiles. Small Svo, 6s.



Mr. Murray's List of Works.

The Home & Colonial Library.

Class A—BIOGRAPHY, HISTORY, &c.

1. Drinkwater's Gibraltar. 2s.

2. The Amber Witch. 2s.

3. Southey's Cromwell and Biiti-

yan. 2S.

2S.

2S.

2S.

2S.

2S.

4. Barrow's Sir Francis Drake.

5 . British Army at Washington.
6. French in Algiers.

7. Fall of the Jesuits.

8. Livonian Tales.

9. Conde. By Lord Mahon. 3s. 6d.

10. Sale's Brigade in Affghanistan. 2s.

H. Sieges of Vienna. 2s.

12. Milman's Wayside Cross. 2s.

13. War of Liberation in Germany.
3S.'6d.

14. Gl:eig's Battle of Waterloo. 3s. 6d.

15. Steffens' Adventures. 1813-14.
2S.

16. Campbell's British Poets. 3s. 6d.

17. Essays. By Lord Mahon. 3s. 6d.

18. Gleig's Life of Lord Clive. 3s. 6d.

19. Stokers and Pokers. By Sir
Francis Head. 2s.

20. Gleig's Life of Munro. 3s. 6d.

Class B—VOYAGES and TRAVELS.
1. BORROW's Bible in Spain. 3s. 6d.
2. BoRROVv's Gipsies of Spain. 3s. 6d.

3. 4. Heber's Indian Journals 7s.

5. Holy Land. Irby & Mangles. 2s.

Hay's Western Barbary.
Letters from the Baltic.

Meredith's New S. Wales.
Lewis' West Lidies.

ALvlcoi.m's Persia. 3s.

Father Ripa at Pekin.

13. Melville's Marquesas

2S.

23.

2S.

2S.

6d.

2S.

7s.

9-

10.

II.

14. Abbot's Missionary in Canada. 2s,

15. Letters from Madras. 2s.

16. St.John's Highland Sports. 3s. 6d.

17. The Pampas. Sir F. Head. 2s.

18. Ford's Spanish Gatherings. 3s. 6d.

19. Edwards' River Amazon. 2s.

20. Acland's India. 2s.

21. Ruxton's RockyMountains. 3s6d
22. Carnarvon's Portugal. 3s. 6d.

23. Haygarth's Bush Life. 2s.

24. St. John's Libyan Desert. 2s.

25. Letters from Sierra Leone. 3s. 6d.

DR. WM. SMITH'S ANCIENT ATLAS.

AN ATLAS OF ANCIENT GEOGRAPHY, Biblical and Classical.

Intended to illustrate the ' Dictionary of the Bible,' and the ' Dictionaries

of Classical Antiquity.' Compiled under the superintendence of Dr.

WM. SMITH and Mr. GEORGE GROVE. Folio, half-bound, ^6 :6s.

13-

14-

15.

16.

17-

18.

19.

20.

Geographical Systems of the Ancients.
The World as known to the Ancients.
Empires of the Babylonians, Lydians,
Medes, and Persians.

Empire of Alexander the Great.
6. Kingdoms of the Successors of Alex-
ander the Great.

The Roman Empire in its greatest extent.
The Roman Empire after its division
into the Eastern and Western Empires.

Greek and Phcenician Colonies.
Britannia.

Hispania.
Gallia.

Germania, Rhaetia, Noricum.
Pseonia, Thracia, Moesia, Illyria, Dacia.
Italy; Sardinia, and Corsica.
Italia Superior.
Italia Inferior.

Plan of Rome.
Environs of Rome.
Greece after the Doric Migration.

21. Greece during the Persian Wars.
22. Greece during the Peloponnesian War.
23. Greece during the Achjean League.
24. Northern Greece.
25. Central Greece—Athens.
26. Peloponnesus.—With Pl.an of Sparta.
27. Shores and I.slands of the j^Egean Sea.
2S. Historical Maps of Asia Minor.
29. Asia Minor.
30. Arabia.

31. India.

32. Northern Part of Africa.

33. .('Egypt and ^Ethiopia.

34. Historical Maps of the Holy Land.
35. 36. The Holy Land. North and South.
37. Jerusalem, Ancient and Modem.
3S. Environs of Jerusalem.

39. Sinai.

40. Asia, to illustrate the Old Testament.
41. Map, to illustrate the New Testament.
42. 43. Plans of Babylon, Nineveh, Troy,

Alexandria, and Byzantium.
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INDEX.

Abinger's, Lord, Life -

Abercrombie's Works -

/Esop's Fables
Agricultural Journal
Aids to Faith
Albert Durer - - -

Albert (The) Memorial -

Speeches
Army Lists - - -

Arnold's Architecture -

Art of Dining
Atkinson's St. Auban -

Austin's Jurisprudence -

Barbauld's Hymns
Barclay's Talmud -

Barkley's Turkey -

My Boyhood -

Barrow's Autobiography
Barry's (Sir C.) Life
Bates' River Amazon -

Bax's Eastern Seas
Beauclerk's Norway
Bees and Flowers -

Belcher's (Lady) 'Bounty'
Bell's Letters
Bell's Tower of London
Belt's Nicaragua -

Bertram's Harvest of Sea
Bible Commentary
Bigg Wither's Brazil
Birch's Ancient Pottery
Bird's Sandwich Islands
Bisset's Sport in Africa
Blackstone's Comments.
Blomfield's(Bp.) Memoir
Blunt's Works
Borrow's Works
Boswell's Johnson
Brace's Ethnology
Bray's Cevennes -

British Association
Broughton's Albania

Italy

Brownlow's Reminiscences
Brugsch's Ancient Egypt
Eurckhardt's Cicerone -

Buckley's Natural Science
Burgon's Tytler
Burn's Nav. & Mil. Terms
Burrow's Constitution -

Buttmann's Works
Buxton's Memoirs, &c. -

Byles on Religion -

Byron's Life - - .

Poetical Works

Campbell'.s Chancellors
and Chief-Justices

Lord Bacon -

Napoleon
Turkey -

Carnarvon's Athens
Cartwright's Jesuits
Cesnola's Cyprus -

Child's Benedicite
Chisholm's Polar Seas

7
17

4
17
10
12

7

3
18

17
8

24
20

29

7
15

7
23

6

6

7
20
ID

4, i6

9
r6

II

Choice of a DweUing -

Church and the Age
Churton's Poetical Works
Clode's Military Forces

Martial Law -

Coleridge's Table-Talk -

ConoUy's Life
Cookery - - -

Cooke's Sketches - 11,

Cook's Sermons
Cooper's China
Cornwallis Papers -

Cowper's Diary
Crabbe's Life and Works
Crawford's Argo
Croker's Geography

Stories for Children
Crowe's Flemish Painter 7,

Painting in Italy -

Titian - - -
7,

Cumming's South Africa
Cunynghame's Caucasus
Curtius' Works - 28,
Curzon's Monasteries
Cust's Annals of the Warss,

D.^rwin's Works -

Davy's Consolations
Salmonia

De Cosson's Blue Nile -

Dennis' Etruria
Derby's Homer
Derry's Bampton -

De Ros's Young Officer
Deutsch's Talmud
Dilke's Papers of a Critic
Douglas's Life

Gunnery
Horse-Shoeing

Ducange's Dictionary -

Du Chaillu's Africa
Dufferin's High Latitudes
Duncan's Artillery

Eastlake's Essays
Eldon's Life - - -

Elgin's Letters
Ellis's Madagascar

Memoir -

Ellis's Catullus
Elphinstone's India
Elphinstone's Turning
Elze's Byron -

Essays on Cathedrals

Fekgusson's Architec-
tural Works

Forsyth's Cicero -

Hortensius
Ancient Manuscripts
Novels and Novelists
Slavs - - -

Fortune's China -

Foss' Biographia Juridica
Frere's India and Africa

Galton's Art of Travel
Geographical Journal -

George's Mosel & Loire
Gibbon's Roman Empire
GiiTard's Naval Deeds -

Gladstone's Rome -

Gladstone's Musical Art
Glynne's Churches of Kent
Goldsmith's Works
Grey's Wm. IVth -

Reform - - -

Crete's Histories -

Works -—- Life
Guizot's Christianity

Hallam's England
Middle Ages -

Literary History -

Remains
Hall's English Grammar

First Latin Book -

Hamilton's Guards
Handbook of Quotations
Handbooks for Travellers 12-14

20

15

24

3
S

16
21

19

23

7
21

3
20
6

IS

4
4

22

23
28
28

5
22

Hatch's Aristotle
Hathcrley on Scripture -

Head's Engineer -

Burgoyne
Bubbles from Nassau
Shall and Will

Hebcr's Poetical Works 15,
Herschel's Memoir
Holhvay's Norway
Home and Col. Library- j^
Hook's Church Dictionary 14
Hook's (Theodore) Life -

Hope's Ahmedabad
Worship

Houghton's Monographs
Poetical Works

Hume's England -

Hutchinson's Dog-Break-
ing - - . .

Hutton's Principia Graeca

Jacobson's Prayer Book
Jameson's Ital. Painters ;

Jennings' Field Paths -

Jervis's Gallican Church
Jesse's Gleanings -

Je.x-Blake's Sermons
Johns' Blind People
Johnson's (Dr.) Life

; English Poets
Junius' Handwriting

Ken's Life -

Apostles' Creed
Kerr's Country House -

King Edward Vlth's
Grammars - - -

King's College Lectures
King's Essays
Kirk's Charies the Bold
Kirkes' Physiology
Kugler's Italian Schools

German Schools

Lane's Modern Egyptians

II

22

23
6

II

30

7
19
16

6

23

4

2S
29

16

4
18

16
22

7
23
22

6
15

19

29
IS
21

4
17
18

18
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Lawrence's Reminiscences 8

Layard's Nineveh - -
9

Leathes' Heb. Grammar 29
Leslie's Hbk. for Painters 19
Levi's British Commerce 21

Liddell's Rome - - 27
Lindsay's Etruscan In-

scriptions - - - 21

Lispings from Low Lati-

tudes - - - - 22

Little Arthur's England 26
Livingstone's Travels -

9
Lloyd's Sicily - -

3
Loch's China - -

5
Lockhart's Spanish Bal-

lads - - - - 23
Loudon's Gardening - 25
Lyell's Works - - 16
Lytton's Julian Fane - 7

M'Clintock's Arctic
Seas - - - - II

Macdougall's Warfare - 24
Macgregor's Rob Roy - 10

Maetzner's Eng. Gram. - 22

Mahon's Belisarius - 7
Maine's (Sir H.) Works 20
Mansel's Lectures - 15, 21

Manual, Admiralty - 17
Marlborough Letters - 7
Marco Polo's Travels - 8
Markham's Histories - 26
Markham's Peru and India 8

Marryat's Pottery - 18

Matthias's Greek Gram. 29
Mayne's Columbia - 11

Mayo's Sport in Abyssinia 9
Meade's New Zealand - 10

Messiah (The) - - 14
Michel Angelo - - 7, 19
Millington's Land of Ham 14
Mills' Nablus - - 10
Milman's Histories - 3, 4

St. Paul's - - 5
Christianity - - 16
Horace - - - 7, 23

Mivart's Lessons from
Nature - - - 20

Mongredien's Trees - 25
Moore's Life of Byron - 7
Moresby's New Guinea 10

Mossman's Japan - - 8

Motley's Histories - 4
Mouhot's Siam - - 8

Mozley's Predestination 15
Regeneration - - 15

Muirhead's Vaux-de-Vire 23
Murchison's Siluria - 16

Memoirs - - 6

Music and Dress - - 25
Musters' Patagonians - 11

Napier's English Battles s
Nares' Arctic - - 11

Nasmyth's Moon - - i6
Nautical Almanack - 24
Navy List - - - 24
New Testament - - 14
Newth's Natural Philo-

|

sophy - - - - 18
Nichols' Pilgrimages - 22

NichoUs' Poor Laws - 21

Nicolas' Historic Peerage 5
Nimrod - - - - 25
Nordhoff's Communistic

Societies - - • - 11

Northcote's Note-Book '5

Ormathwaite's Astro-
nomy - - - - 18

Owen's Modern Artillery 24
Oxenham's Latin Elegiacs 29

PALGR Ave's Taxation - 21

Banking - - - 21
Palliser's Brittany - - 11

Monuments - - 22
Parkman's Great West - 11
Parkyns' Abyssinia - 9
Peek Prize Essays - 16
Peel's Memoirs - - 8

Percy's Metallurgy - 17
Phillips' Wm. Smith - 7

Yorkshire - - 17
Philip's Literary Essays 22
Philosophy in Sport - 17
Pick's French Dictionary 29
Pope's Works - - 23
Porter's Damascus - 10
Prayer-Book - -1-14
Privy Council Judgments 21
Puss in Boots- - - '22

Quarterly Review

Rae's Travels
Rambles in Syria -

Ranke's Popes
Rassam's Abyssinia
Rawlinson's Herodotus

Ancient monarchies
Russia in the East

Reed's Shipbuilding, etc.

Rejected Addresses
Rennie's Peking, &c.
Reynold's Life
Ricardo's Works
Robertson's Church His-

toi-y - . - .

Robson's School Archi-
tecture - _ -

Robinson's Palestine
Physical Geography
Alpine Flowers
Wild Garden
Sub-Tropical Garden

Rowland's Constitution
Laws of Nature

St. James' Lectures - 15
Scepticism in Geology - 17
Schiiemann's Troy and
Mycenae " " - 9

Scott's Architecture - 19
Scott's University Sermons 16
Scrope's Central France 17
Selwyn's Colloquies - 23
Shadows of Sick Room 15
Shah of Persia's Diary - 11

Shaw's Tartary - - 8
Shirley's Parks - - 25
Simmons' Court Martial 20
Smiles' Popular Biographies
and Works 5, 6, 25, 29

Smith's Dictionaries - 3, 26

5
4
5

16

7
6
IS
6

29

Smith's Ancient Atlas - 30
Educational Course (3) 28
Smaller Histories - 27
Ancient History - 3

Somerville's Life - - 6
Physical Sciences, &c. 16

Spalding's Tale of Frithiof 22
Stanhope's Histories - 4

Pitt ... 7
Miscellanies - - 21
Retreat from Moscow 21

Stanley's Sinai - - 10
Bible in Holy Land 10
Eastern Jewish and

Scottish Church -

Canterbury -

Westminster Abbey
Sermons in East
Bp., Memoir -

Arnold - - -

Corinthians
Stephen's St. Chrysostom
Stories for Children
Street's Architecture of
Spain - - - .

Architecture in Italy
Student's Manuals 14, 27,
Styffe's Iron and Steel -

Sumner's Life
Swainson's Creeds
Swift's Life - - -

Sybel's French Revolution
Symonds' Records of the
Rocks - - - - 17

Thielmann's Caucasus 10
Thoms' Longevity - - 18
Thomson's Sermons - 16
Titian's Life - - - 18
Tocqueville's France -

5
Tomlinson's Sonnet - 23
Tozer's Turkey & Greece g
I'ristram's Land ol Moab 10
Twisleton's Tongue - 18
Tyler's Primitive Culture 21
Tylor's History of Man-

kind - - - - 21

Vambery's Travels - 8
Van Lennep's Asia Minor 9

Bible Lands - - 14
Vatican Council - - 16

Weigall's Princess Char-
lotte - - - -

7
Wellington's Despatches 5
White's Naval Architec-

ture - - - 17, 24
Wilberforce's Life - -

7
Wilkinson's Egyptians - 3
Wilson's Life & Diary - 8
Wilson's Michel Angelo -

7
Wood's Oxus - - - 8
Words of Human Wisdom 22
Wordsworth's Athens - g
Wordsworth's Greece - 10

Young's Livingstonia - 9
Yule's Marco Polo - 8

Zincke's United States - 11

i)














